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ABSTRACT 
The water resources of Delhi including groundwater are 
continuously under severe pressure due to ever increasing population and 
industrial activities. The total groundwater available in Delhi is 29154 
MCM/year. It is estimated that there is a withdrawal of about 142 
MCM/year of groundwater for drinking and industrial uses while about 
110 MCM/year for irrigation purposes. 
The availability of surface water in NCT, Delhi is through the 
interstate agreement and it gets 724 MCM/year from Yamuna River, 178 
MCM/year from Ganga and 246.4 MCM/year from Bhakra system. Out 
of 724 MCM water allocation in Yamuna River the monsoon runoff is 
580 MCM (Nearly half of this about 282 MCM) is not being utilized at 
present and flows out of Delhi. 
Excessive withdrawal of groundwater is mainly in blocks of 
Najafgarh, Mehrauli, Khanjawala and city block which has resulted in 
depletion of groundwater resources. Development and use of 
groundwater in NCT, Delhi is also a function of groundwater quality, 
chemical quality of groundwater in Delhi varies with depth and space. 
To cater the above objectives, the attempts have been made to 
demarcate the various water bearing zones, delineation of geomorphic 
lands forms to be utilized as a ground water resources, subsurface 
boreholes geology and their relationship, establishment of hydrological 
parameter of aquifer for the evaluation of hydraulic conductivity, 
transmissivity, storativity etc. of the aquifer to study the movement of 
groundwater and behavior of water level in time and space. Investigation 
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of hydrochemical data is carried out to study the status of groundwater 
quality in NCT Delhi. 
Geomorphologically, the land area under review comprises 
Arangpur rocky terrain, the older alluvial plain, extension slope of the 
Aravalli Hills and the residual hill near Nawada (232 m above msl). The 
rocky terrain comprises fine to medium-grained recrystallised quartzite 
and coarse-grained gritty quartzite, intruded by pegmatite and quartz 
vein, strike varies from N-S to NE-SW with dips towards West and NW. 
On weathering and decomposition of the cementing material, quartzite 
becomes friable. 
The Yamuna comprises the main drainage system in the study area 
flowing towards southerly direction turning gradually in the south to 
south eastward direction between Okhla and Manjhauli. In this stretch it 
is highly braided and shows profuse development of anastomosing 
channels. 
The Delhi region in northern India is bounded by the Gangetic 
alluvial plain in the north and east, the Thar Desert in the west, and 
Aravalli hill ranges to the south. The Delhi system lies over the gneisses 
and the Railo with a great unconformity and is in turn overlain 
unconformably by the Vindhyans. 
NCT is occupied by quartzite inter-bedded with mica-schist 
belonging to Delhi supergroup, unconsolidated sediments of quaternary 
to recent age unconformably overlie these. Ajabgarh group of Delhi super 
group of early to middle proterozoic age, Geologically belongs to the 
oldest rocks exposed, quartzite interbedded with mica-schist and 
phyllites. These quartzite occupying central to southern part of the area 
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gray, massive to thinly bedded and structurally from a coaxially refolded 
regional antiform plunging towards southwest. 
The thickness of unconsolidated sediments towards east of the 
ridge gradually increase away from the ridges, with the maximum 
reported thickness being 70 m. In the south-western, western and 
northern parts of the area, the thickness of sediments is more than 300 m 
except at Dhansa where the bedrock has been encountered at 297 m 
below land surface. It has been observed that the bed rock slope towards 
eastern flank (Trans- Yamuna area) from central delhi ridge is gentler 
than the western flank i.e. Najafgarh, mundaka and bawana area. Even in 
eastern flank far from delhi reidge near ghagipur, trilokpuri and 
mayurvihar phase-2 shallower bed rock topography encountered. 
The water availability from surface water sources viz. Yamuna, 
Ganga and Bhakra system is of the order of 1150.2 mem. The Yamuna 
River contributes substantial part. Of the total 724 mem water available in 
Yamuna River the flood water is of the order of 580 mem. About 50% of 
this amount is not being used and flows out of Delhi. 
The hydrogeological setting of Delhi comprises a basement of 
Alwar quartzites of Delhi system, overlain with quaternary alluvium 
constituent units of later being clay, sand, silt and kankar. The Delhi ridge 
forms a water divide, the aquifer, west of ridge comprises predominantly 
clay and kankar formation, while those towards east of the ridge are 
sandy. The thickness of alluvium varies from 30-120 meters in the west 
water table east of the ridge slope towards Yamuna River and west of it 
towards Najafgarh jheel. Water levels are deeper in the vicinity of the 
ridge, and lies within four meters of the land surface. 
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In the area lying to the west of Delhi ridge, tube wells constructed to a 
depth of 110 meters, tap kankar mixed with clay. Tube wells constructed 
within the same depth in the western and eastern part of the area tapping 
sandy horizons, yield 54,000 to 90,000 lph drawdown of 6 to 18 meters. 
Yamuna River in Delhi area is affluent, whereas eastern and western 
canal are influent. 
The groundwater occurs in all the formation within the area, in 
alluvium and sands in the interstices if the constituents grains lying 
within the zone of saturation. In the quartzites the groundwater occurs in 
the joints which lie within the zone of saturation. 
The NCT of Delhi, despite its limited areal extent had diversified 
geological and topographic set up giving rise to divergent groundwater 
situation in different parts. The prevalent rock formations are widely 
varied in composition and structure ranging in age from pre-cambrian to 
recent, which control occurrence and movement of groundwater. The 
variations of land forms like ridge areas, traversing across the territory, 
the alluvial plain of the western Delhi, closed Chattarpur basins and flood 
plain of river Yamuna are quite significant to control the occurrence and 
movement of groundwater. 
The groundwater occurs under phreatic confined conditions in 
shallow aquifer zone whereas semi-confined to confined conditions of 
groundwater are quite common in deep aquifers. 
The regular and periodic monitoring of groundwater level, through 
more than 100 hydrograph network station, comprising open wells 
piezometers located throughout the NCT, Delhi have indicated the 
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changes in water level consequent to continuous groundwater abstraction 
and urbanization. 
It is observed from Table 5.4 that during post-monsoon 2006 
period, 60.37% of well shows the depth to water level more than 12 m 
below ground level, 9.43% of well shows the water level depth between 8 
and 12 m.b.g.l. and 16.98% wells shows the water level depth of 4 to 8 
mbgl and 13.20% wells are reported to have water level depth of 0 m to 4 
m.b.g.l. 
Only 11.32 % of the wells are found to have water level fluctuation 
between 0.4 to 0.6 m, 52.83% of wells are recorded having water level 
fluctuation between 0 to 0.4, 9.43% of the wells are found to have water 
level fluctuation between 0.6 to 0.8 and 26.41% wells are recorded 
having a water level fluctuation of more than 0.8 mbgl in 2007 
East district is located east of Yamuna River and bordering to 
Ghaziabad and Noida of Uttar Pradesh. It covers 64 sq. km. of area. East 
district of NCT, Delhi is a domain lying in between two rivers i.e. 
Yamuna in the west to Hindon in the east. 
Groundwater in the area occurs both under water table as well as 
under semi-confined conditions in alluvium. The depth to water level in 
the district ranges from 5 to 25 m below ground level and the wide 
variation occurs due to wide range of topographic relief. The Yamuna 
flood plain area depth to water level ranges 5 to 8 m bgl whereas in the 
Delhi ridge areas it varies from 10 to 25 mbgl. The tube wells usually tap 
kankar zone admixed with clayey-silt and sandy-silt aquifer zone. These 
aquifer zones are generally encountered alternatively below the depth of 
20 m bgl and onward up to the basement rock. 
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The complex situations of groundwater occurrences in different 
rock formations, presence of saline groundwater at varying depth in the 
aquifers and growing urbanization is influencing availability of 
groundwater in different parts of NCT, Delhi out of total area of 1485 sq. 
km. about 263 sq. km. is not considered feasible for ground water 
development; either due to presence of saline groundwater. Another 
important component which is influencing the groundwater recharge in 
Delhi especially the city block and adjacent habitations is the continuous 
urbanization resulting in reduction of recharge area. Construction of 
buildings, roads, cemented pavements and floors in different locations is 
likely to reduce the total recharge and may result in additional runoff. 
Quantification of such a reduction in recharge to groundwater is 
necessary. It is observed that most of the blocks have been over 
developed. The excessive withdrawal of ground water is mainly in the 
block of city, Najafgarh, khanjhawala and Alipur blocks. There is 
however possibility of some development of ground water resources for 
domestic uses in Alipur, shahdara and city blocks. 
The Yamuna flood plain is the most potential resource of 
groundwater availabilities. The excessive ground water development in 
different blocks of NCT of Delhi has resulted in lowering of ground water 
level in the last few decades. The declining trend of water level is very 
prominent in Najafgarh and Mehraulli blocks. Presently the possibilities 
for utilizing ground water as an additional source to meet requirement of 
NCT, Delhi are limited. However, with proper management strategy 
utilizing artificial recharge through monsoon runoff or by the excessive 
groundwater development in Yamuna bed to induce more recharge, the 
ground water potential can be increased. 
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The ground water quality of NCT is not uniform, besides the fresh 
groundwater areas aquifers, saline ground water aquifers with electrical 
conductivity more than 5000 uS/cm.25°C also occur in most part of the 
territory at varying depths. The saline ground water aquifer in Alipur, 
Khanjhawala and Najafgarh block consists of sands, clays, and kankars 
and belong to quaternary alluvial deposits. The depth of this formation is 
more than 300 m. in most of the part of the area. These aquifers are 
capable of yielding about 500-600 1pm. The precise assessment of saline 
water resources of the territory and its development potential has yet to be 
done. The fresh saline groundwater in NCT of Delhi exists in a delicate 
stage of equilibrium.. 
The change in the quality of groundwater at different depth level is 
dependent on several factors such as strata composition, extent of 
recharge, variation in rate of flow, climate, evapotranspiration and 
pollution due to human activities particularly at shallow depth. 
The value of ph in the study area is observed under the desirable 
limit during 2005-2007 of W.H.O in all the seasons. 
The value of EC is observed more than W.H.O limits limit during 
2005-2007 in all the seasons in the study area. 
The value of TDS is observed more than the permissible limit of 
W.H.O during 2005-2007 in all the seasons. 
In the study area harness is generally more than the desirable limit 
of W.H.O. The concentration of chloride ranges more than the desirable 
limits of W.H.O, in the study area, in all the seasons during 2005-2007. 
The concentration of sulphate in the study area is observed more 
than the desirable limit of W.H.O during 2005-2007. 
The concentration of Sodium is observed more than the permissible limit 
of W.H.O in the study area in all the seasons during 2005-07. 
The concentration of Sodium is observed more than the permissible 
limit of W.H.O in the study area in all the seasons during 2005-07. 
The value of calcium ranges more than desirable limit of W.H.O in 
the study area during 2005 to 2007. 
The concentration of magnesium ranges more than the permissible 
limit of W.H.O, 1993 in the study area during pre and post monsoon 2005 
to 2007. The value of nitrate is observed more than the desirable limit in 
study area during pre as well as post monsoon period during 2005 to 
2007. 
The quality of groundwater is variable in space and depth in 
alluvial formation whereas it is generally fresh in hard rock formations. In 
alluvial formation, the quality of groundwater deteriorates within depth 
which is variable in different areas. 
In the study area cadmium is observed more than both during 2005 
to 2007. The analytical results show the chromium concentration ranged 
more than the permissible limit of W.H.O in the study area during 2005 
to 2007. 
The concentration of lead is marked under the permissible limits 
during 2005, 2007, but in 2006 the value is observed more than the 
permissible limits in the study area. 
The concentration ranged below the desirable limits during 2005 to 
07 in the study area but during 2007 it ranged more than desirable limits. 
The values of nickel are under permissible limits of BIS during 
2006-07, but in 2005 it was observed more than the limit. 
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The values of zinc are under the desirable limits of W.H.O, 1993 in 
the study area during 2005 to 2007. 
The concentration of manganese is observed more than desirable 
limit during 2005 to 2007. Only up to the limit concentration is marked in 
2007. 
About 68% of the samples in pre-monsoon and 48% in post-
monsoon samples found to fall in sodium-potassium-potassium type 
fades. Only two samples fall in calcium type facies and the 20 % in pre-
monsoon and 30% in post-monsoon samples fall in no dominant type, 3 
in pre-monsoon falls in magnesium type. Among the anion facies 
majority of the samples fall in no dominant type facies followed by 
bicarbonate type facies and 4% samples belong to chloride type facies in 
2005 and the similar trend has been observed in the pre and post-
monsoon period 2006 and 2007. 
Most of the samples of pre-and post-monsoon belongs to the 
categories of C3S], C3S2 and C3S3 which falls within the zone of moderate 
to good water quality class. C4S2 and C4S3 Class are moderate to bad 
water zone. During 2005-2007 the SAR values in 80 out of 100 samples 
were less than 10 and EC values is about 35% of the water samples are 
greater than 1500 u.S/cm, hereby indicating low alkali hazard and high 
salinity hazard. 
Increase of sodium ion contents in water beyond 43%) replaces the 
ions like Ca + Mg in soil by Base Exchange. Percent sodium upto 52% is 
acceptable for irrigational use above which alkalization steadily 
increases. 
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The majority of the post-monsoon water samples fall in the sub 
field 6, about 32 %, in sub field 7 and sub field 8 about 31 % and 28 
%respectively in 2005, more or less similar trend has been observed in 
2006 and 2007. 
The highest positive correlation (0.999) in pre and (0.968) in 
postmonsoon found between electrical conductivity and total dissolved 
solids which indicates that the electrical conductivity in the ground water 
of the area is due to total dissolved solids Ph and carbonate (-0.498) in 
post monsoon, has been observed, in all years (2005-2007). The high 
correlation is also observed between EC & sulphate, sodium and sulphate 
and sodium and chloride. 
The ground water resources of 7 districts of NCT, Delhi are over-
exploited with stage of development reaching to even 243% in south 
district. Moreover, the presence of saline aquifers below a depth of 30 to 
40 m further limits the development of ground water resources. Thus the 
complex situation of ground water existence in NCT, Delhi needs 
scientific planning to make the ground water resources as sustainable 
source of water supply in NCT, Delhi. 
The groundwater development in NCT of Delhi is at a very high 
stage and all the blocks show an ever increasing stage of ground water 
development resulting in lowering of groundwater level in major parts of 
territory based on recent assessment of groundwater resources. Further, 
scope of groundwater is mainly in Alipur, shahdara and city blocks with 
proper site location and suitable design, the groundwater development 
can be taken up in Yamuna flood plain and adjoining areas. 
The importance of groundwater in meeting the growing demand 
from agriculture, industry and domestic sectors cannot be 
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overemphasized. The ubiquitous availability of groundwater, coupled 
with technological advancement in its extraction and its deemed 
ownership as easement to land, has led to a quantum leap in development 
of this resource during the last five decades. The unscientific and 
inefficient use of groundwater contributes to its increasing scarcity, 
reflected in steep decline of water level and under certain situations, sharp 
deterioration in quality of water. 
Excessive groundwater withdrawal for agriculture/ industrial use 
in certain pockets create pumping depressions which adversely affect the 
availability of drinking water and in certain cases results in groundwater 
quality deterioration, especially in areas of inland salinity and coastal 
regions. Groundwater, being a hidden resource, is often developed 
without proper understanding of its occurrence in time and space. 
Groundwater management on scientific lines is the key for sustainability 
of this vital resource. 
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The complex situations of groundwater occurrences in different 
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likely to reduce the total recharge and may result in additional runoff. 
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necessary. It is observed that most of the blocks have been over 
developed. The excessive withdrawal of ground water is mainly in the 
block of city, Najafgarh, khanjhawala and Alipur blocks. There is 
however possibility of some development of ground water resources for 
domestic uses in Alipur, shahdara and city blocks. 
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groundwater availabilities. The excessive ground water development in 
different blocks of NCT of Delhi has resulted in lowering of ground water 
level in the last few decades. The declining trend of water level is very 
prominent in Najafgarh and Mehraulli blocks. Presently the possibilities 
for utilizing ground water as an additional source to meet requirement of 
NCT, Delhi are limited. However, with proper management strategy 
utilizing artificial recharge through monsoon runoff or by the excessive 
groundwater development in Yamuna bed to induce more recharge, the 
ground water potential can be increased. 
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The concentration of Sodium is observed more than the permissible limit 
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The value of calcium ranges more than desirable limit of W.H.O in 
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2006-07, but in 2005 it was observed more than the limit. 
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The groundwater development in NCT of Delhi is at a very high 
stage and all the blocks show an ever increasing stage of ground water 
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overemphasized. The ubiquitous availability of groundwater, coupled 
with technological advancement in its extraction and its deemed 
ownership as easement to land, has led to a quantum leap in development 
of this resource during the last five decades. The unscientific and 
inefficient use of groundwater contributes to its increasing scarcity, 
reflected in steep decline of water level and under certain situations, sharp 
deterioration in quality of water. 
Excessive groundwater withdrawal for agriculture/ industrial use 
in certain pockets create pumping depressions which adversely affect the 
availability of drinking water and in certain cases results in groundwater 
quality deterioration, especially in areas of inland salinity and coastal 
regions. Groundwater, being a hidden resource, is often developed 
without proper understanding of its occurrence in time and space. 
Groundwater management on scientific lines is the key for sustainability 
of this vital resource. 
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CHAPTER - 1 
INTRODUCTION 
Prosperity is controlled by water globally. Water is a most valuable 
and renewable natural resource on the earth. Water sustains life of plants, 
animals and humans. The total quantity of fresh water on the earth could 
satisfy all needs of the human population, was it evenly distributed and 
accessible (Bobba et al., 1997). It comprises 9/10th of human body and 
also covers 3/4 area of the globe. 
The total water resources are estimated atl.37 X 108 million ha-m. Of 
these global water resources about 97.2% is salt water, mainly in oceans, 
and only 2.8% is available as fresh water at any time on the planet earth 
(Fig 1.1). Out of this 2.8%, about 2.2 are available as surface water and 
0.6 % as groundwater. Even out of this 2.2% of surface water, 2.15% is 
fresh water in glaciers and icecaps and only of the order of 0.01 % 
(1.36X104 Mha-m) is available in lakes and reservoirs, and 0.0001% in 
streams; the remaining being in other forms-0.001% as water vapor in 
atmosphere, and 0.002%) as soil as soil moisture in the top 0.6 m. out of 
0.6%) of stored groundwater, only about 0.3%> (41.1X104 Mha-m) can be 
economically extracted with the present drilling technology, the remaining 
1 
Total Water on Earth 
3% 37.5 mill.cu.kms 
Freshwater 
97% 
132 mill.cu.kms 
in Oceans (Saline Water) 
of the total water on earth only 3% constitutes freshwater. 
Rest is saline water in the oceans. 
Distribution of Fresh Water on Earth 
11% groundwater 
upto 800m. 
11% groundwater 
below 800m. 
1% in lakes, rivers and 
streams etc. 
77% in glaciers and 
1
 ice caps. 
11% of the total freshwater on earth is groundwater available upto a depth of 
800m which can be extracted for use. 
Mindless extraction and over exploitation of very small quantity of this 
precious nature resource has caused a rapid depletion and deterioration in 
its quantity and quality both. 
Fig 1.1 Distribution of water on the earth 
being unavailable as it is situated below a depth of 800 m. 
(H.M.Raghunath,1987). 
Groundwater resources play a vital role in sustaining the livelihood 
of many countries in the world. Its ubiquitous occurrence, reliability and 
availability in all seasons have made it the primary buffer against drought, 
playing a pivotal role in ensuring the food security at all levels. More than 
half the world's population is considered to depend on ground water for 
its survival (UNESCO, 1992). The alarming depletion of groundwater 
resources in the last few decades has made it the focus of attention of 
administrators, planners and policy makers. All over the world, making it 
one of the most hotly discussed topics today. 
Groundwater has an important role in meeting the water 
requirement of agriculture, industrial and domestic sectors in India. Its 
importance as a precious natural resource in the Indian context can be 
gauged from the fact that more than 85 percent of India's rural domestic 
water requirements, 50 percent of its urban water requirements and more 
than 50 percent of its irrigation requirements are being met from 
groundwater resources. 
The increasing dependence on groundwater as a reliable source of 
water has resulted in its large-scale and often indiscriminate development 
in various parts of the country without due regard to the recharging of 
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aquifers and other environmental factors. Unplanned and unscientific 
development of groundwater resources, mostly driven by individual 
initiatives, has led to an increasing stress on the available resources. The 
adverse impact can be observed in the form of long term declines of 
groundwater levels, de-saturation of aquifer zones, increased energy 
consumption for lifting water from progressively deeper levels and quality 
deterioration due to saline water intrusion in coastal areas in different 
parts of the country. 
On the other hand, there are areas in the country, where 
groundwater development is still low-key in spite of the availability of 
sufficient resources. The canal command areas suffer from problems of 
water logging and soil salinity due to the gradual rise in groundwater 
levels. (B.M. Jha, 2007). 
In view of the factors mention above there is a need for strategies 
aimed at scientific and sustainable management of the available 
groundwater resources in the country to avert looming water crises such a 
management strategy should consider various aspects and their 
development prospects. 
India is a vast country with a highly diversified hydrogeologic 
setup. The Groundwater behavior in the Indian subcontinent is highly 
complicated due to occurrence of diversified geological formation with 
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considerable lithological and chronological variation, complex tectonic 
fringe, and climatological dissimilarities id various hydrochemical 
conditions. Broadly two groups of the water formation have been 
identified depending on the characteristically different hydrological 
properties viz. porous formation which can be further classified into 
unconsolidated and consolidated formation, unconsolidated formation 
having primary porosity and fissured formation and consolidated 
formations which have mostly secondary or dry porosity. 
India has been gifted with substantial water resources. India has a 
vast network of rivers and alluvial basins. However, conditions vary; 
widely from region to region whereas, some are drought affected, others 
are frequently flooded. India is an agrarian economy. Groundwater 
contributes a considerable part of irrigation potential created in the 
country. 
Rainfall is the major source of groundwater in India which is also 
supplemented by the other sources. Recharge from canals, irrigated fields 
and surface water bodies is a major part of the groundwater development 
resources, take place from the upper confined aquifer, which is also the 
active recharge zone and holds the dynamic groundwater resource zone, is 
assessed by the Central Ground Water Board and State Ground Water 
Board and National Board For Agriculture and rural development 
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(NABARD) as per the estimation of the Groundwater Estimation 
Committee (2004-2005). The annual replenishment groundwater resources 
in the country have been estimated as 433 BCM, out of which 399 BCM is 
considered to be available for development of various uses. 
A reminder of 34 BCM is set aside for natural discharge during 
non-monsoon period for maintaining flows in springs, rivers and streams. 
In addition to the resources available in the zone of water level fluctuation 
extensive groundwater resources have been proven to occur in the 
confined aquifer in Ganga-Brahamaputra coastal areas and deltaic tracks. 
These aquifers have their recharge zones in the upper reaches of the basin. 
The resources in these deep seated aquifers are termed in storage 
groundwater resources. 
In Alluvial areas these resources are normally renewable over the 
long period of time. It is estimated that approximate or a tentative estimate 
of the total quantum of storage groundwater is about 10,800 BCM. 
Aquifers are thin and discontinuous, and of limited stage capacity. 
Therefore, over exploitation causes lowering of water table, creating 
groundwater troughs and de-saturation of aquifers leading to reduction of 
well yields to the extent of drying up of wells. Although heterogeneity of 
aquifers prevents the troughs to expand further, the water levels continue 
to decline and de-saturate the aquifers. 
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In the hard rocks of peninsular India, aquifers are thin and 
discontinuous and of limited storage capacity. The non-scientific and 
vision free planning has created severe water logging and soil salinization 
problems in all the 76 canal command areas of the country. On the other 
hand over exploitation of groundwater has induced a declining trend in the 
water table. 
In the metropolitan cities, too, mounting pressure of urban water 
supplies has caused aquifer over exploitation. According to reports of 
World Bank (1998) thirty seven million people lived in areas classified as 
dark or over exploited in 1995. According to a world bank study, of the 
27 Asian cities with population of over 1,000,000 Chennai and Delhi are 
ranked as the worst performing metropolitan cities in terms of hours of 
water availability per day, while Mumbai is ranked as second as worst 
performer and Calcutta fourth worst (Table 1.2). 
As the water table declines, millions of shallow wells become 
defunct, affecting a vast majority of marginal farmers and weaker section 
of society for whom the shallow wells are mainstay of livelihood and 
source of life sustaining drinking water. It also affects their source of 
irrigation, food security, drinking water availability, health, and sanitation. 
The study area is part of the Yamuna basin which is an Indo-
Gangetic plain. The Indo-Gangetic plain is the largest alluvial plain in the 
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world (Ansari et al. 2000) and was formed by deposition of terrigenous 
clastic sediments from streams of the Indus, Ganga, and Brahmaputra 
river systems (Singh 1992). The plain is under severe environmental stress 
due to urbanization, rapid agricultural growth, and industrial development. 
Improper disposal of untreated industrial wastes, use of wastewater for 
irrigation, and ignorance of their management have resulted in 
deterioration of both surface and groundwater and contamination of 
sediments (Jha et al.1993; Chander 1994; Khurshid and Zaheerudin 2000). 
There is a continuous growth in dark and over-exploited areas in 
the country. Out of 7928 Blocks/water shades in the country, 673 
blocks/water shades are grouped as over-exploited, where the stage of 
groundwater development exceeds the annual replenishment and 425 
blocks/water shades are classified as dark or critical, where groundwater 
development has reached a high level. Substantial decline of groundwater 
levels occurs even in blocks with sufficient groundwater resources due to 
climatic vicissitudes and vocalized development. 
1.1 LOCATION OF THE STUDY AREA 
Delhi, is the national capital of India, has always been the seat of 
power, right from ancient times, due to its strategic geographic location 
and unique geological and geomorphological setting. It has an area of 
1483 sq. km and lies between north latitudes 28°24'08" and 28°53' 11" and 
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east longitudes 76 50'27" and 77 21'35". Area is covered under survey of 
India Topo sheet Nos. 53D and 53H. As per census of India 2001, the 
population of Delhi is 1, 37, 82, 976 and the population density is 9, 294 
person per sq.km (Fig 1.2). 
For the administrative purposes, NCT Delhi has been divided into 9 
districts (Fig: 1.3) and 27 tehsils/sub divisions NCT Delhi has 3 statutory 
Town, 59 census towns and 165 villages as per census of 2001 (Table 1.1). 
Table 1.1 Demographic classification of NCT, Delhi 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
Name of the districts 
North West 
North 
North East 
East 
New Delhi 
Central 
West 
South West 
South 
Total 
Area 
(sq.km.) 
440 
60 
60 
64 
35 
25 
129 
420 
250 
1483 
Population in 
lakhs 
28.47 
7.80 
17.64 
14.49 
1.72 
6.44 
21.20 
17.49 
22.58 
137.83 
Density per 
sq.km. 
6471 
12966 
29395 
22637 
4909 
25760 
16431 
4165 
9033 
9294 
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Fig. 1.2 Location map of study area. 
Beside a floating population of 3 to 4 lakhs per day is recurring feature of 
Delhi. Population of Delhi has increased with the rate of 4.63% annum 
during the decade 1991-2001. Considering the same growth rate for the 
present decade, it is estimated that the population of Delhi in 2005 was 
about 163 lakhs and it would be about 205 lakhs in 2011 and 270 lakhs 
by 2021. The future water requirement for drinking and domestic 
requirement are worked out based on the projected population begins 
multiplied by the per capita requirements of water. The total number of 
vehicles has increased phenomenally in order to meet the transportation 
demand of population from 2.35 lakhs in 1975 to 29 lakhs in 1996 and is 
expected to touch a figure of 60 lakhs in 2011. 
Delhi, being a National capital territory, is one of the most 
important centers for commerce, trade and industries in northern India. 
The small and medium scale industries are located in several industrial 
pockets in the city and these are rapidly extending. There was 41% 
increase in number of registered industrial units from 18,500 in 1961 to 
26,000 in 1971. The increase in industrial units was 73%) from 26,000 
numbers in 1971, increasing the industrial units to 89,000 numbers. It is 
estimated that there are approximately 1, 25,000 units during 1997.98, 
and more than 2 lakhs industrial units have been established in the year 
2004-2005. 
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Most of the industries are located in west, south and south-east of 
the city, Engineering, Textile and Chemical industries predominant the 
industrial areas, although electronics and electrical goods have gained 
experience in recent times. There are several other clusters of industrial 
units, located in north-west quadrant of Delhi, and are being operated in 
unorganized manner in non-conforming areas. 
The development of industries and industrial growth in Delhi had 
been streamlined and facilitated by various industrial development 
authorities of government viz. department of industries, Delhi state 
industrial development corporation (DSIDE) and Delhi development 
authority (DDA). There had been development of twenty eight industrial 
estates in various parts of Delhi. Delhi constitutes 2% of the catchment 
area of Yamuna basin, yet the metropolitan contribute substantial 
pollution load. The municipal waste water is the main water pollution 
source in terms of volume approximately 1.99 MCM per day from 
industrial sector. 
The installed treatment capacity is 1.27 MCM, which is limited up 
to primary treatment, while secondary treatment is radioneutaxy or not 
existing. The substantial quantity of untreated sewage and partially 
treated sewage is discharged into the Yamuna River everyday. The 
Najafgarh drain is estimatedly contributing about 60% of the total waste 
12 
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Fig. 1.3 Administrative divisions of Delhi. 
water and 45% of total Biochemical oxygen demand load into river 
Yamuna. 
1.2 AIMS AND OBJECTIVES 
The National capital territory of Delhi covering an area of about 
1485 sq.km and is inhabitated by about 135 lakhs peoples present. Being 
the capital of the country and also the biggest business centre of Northern 
India, it attracts a large number of the persons from all over India. Due to 
an increase in the population and civic urbanization, amenities have not 
kept pace. With increasing urbanization the rapid growth of population 
and industrialization have place tremendous pressure on both land and 
water resources of the area. The water resources of Delhi including 
groundwater are continuously under severe pressure due to ever 
increasing population and industrial activities. The total groundwater 
available in Delhi is 29154 MCM/year. It is estimated that there is a 
withdrawal of about 142 MCM/year of groundwater for drinking and 
industrial uses while about 110 MCM/year for irrigation purposes. 
The availability of surface water in NCT, Delhi is through the 
interstate agreement and it gets 724 MCM/year from Yamuna River, 178 
MCM/year from Ganga and 246.4 MCM/year from Bhakra system. Out 
of 724 MCM water allocation in Yamuna River the monsoon runoff is 
580 MCM (Nearly half of this about 282 MCM) is not being utilized at 
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present and flows out of Delhi. Beside unutilized rainfall runoff works 
out to be 193 MCM. Thus the non-committed surplus runoff is about 475 
MCM which can be utilized far augmenting groundwater availability. 
To meet the growing demand of water for the population the 
requirement of raw water in Delhi is about 400 liter/capita/day (LCPD). 
Considering the transmission losses in bringing raw water from the 
distance sources, the total estimated consumption of water in a year is 
about 4.88 (MCM/day). 
Considering a massive population increase the different 
hydrogeological formations have rendered the information regarding the 
potential areas and the feasibility of suitable groundwater structure for 
developing groundwater resources. Beside, the ongoing groundwater 
development in the NCT, Delhi under different hydrogeological situation 
the Yamuna flood plain offers the excellent prospect for future 
groundwater development. The River Yamuna flowing for about 35 km 
stretch in NCT, Delhi has about 97 sq.km of either waterlogged or very 
shallow water level. The thickness of the alluvium in floodplain varies 
from 20 to 40 m. The groundwater is fresh upto about 45 m and its quality 
deteriorates with depth. The growth of Delhi urban agglomeration has 
been much higher than the other mega cities in every decade since 1951. 
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Table-1.2 Comparative Growth of Population in Four Metropolitan 
Cities of India 
Cities 
Year 
1 
Greater Mumbai VA 
„ , .. Decadal Populat.on
 G r o w t h 
(Persons)
 R a t e ( % ) 
2 3 
Kolkata VA 
„ . .. Decadal Population
 G r o w t h 
(persons)
 R a t e ( % ) 
4 5 
Delhi VA 
n . .. Decadal Population
 G r o w t h 
(Persons)
 R a t e ( % ) 
6 7 
Chennai VA 
Population Growth 
(Persons) Rate (%) 
8 9 
1951 
1961 
1971 
1981 
1991 
2001* 
A 
2,966,902 
4 152056 
5,970,575 
8,243,405 
12,596,243 
16,368,084 
average 
-
39.95 
43.80 
38.07 
52.80 
29.94 
40.91 
4,669,559 
5,983,669 
7,420,300 
9,194018 
11,021,918 
13,216,546 
-
-
28.14 
24.01 
23.90 
19.88 
19.91 
23.17 
1,437,134 
2,359,408 
3,647,023 
5,729,283 
8,419,084 
12,791,458 
-
64.17 
54.57 
57.09 
46.95 
51.93 
54.95 
1,542,333 
1 944,502 
3,169,930 
4,289,347 
5,421,985 
6,424,624 
-
26.08 
63.02 
35.31 
26.41 
18.49 
33.86 
The groundwater occurrence in rock formation, presence of saline 
water availability at various depth and growing urbanization has 
influence the groundwater availability less in different parts of Delhi. 
Excessive withdrawal of groundwater is mainly in blocks of 
Najafgarh, Mehrauli, Khanjawala and city block which has resulted in 
depletion of groundwater resources. 
Development and use of groundwater in NCT, Delhi is also a 
function of groundwater quality, chemical quality of groundwater in 
Delhi varies with depth and space. Brackish groundwater mainly exists at 
shallow depth in Khanjawala and Najafgarh block. In alluvial formation 
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the quality of groundwater deteriorates with depth, which is variable in 
different areas. 
To cater the above objectives, the attempts have been made to 
demarcate the various water bearing zones, delineation of geomorphic 
lands forms to be utilized as a ground water resources, subsurface 
boreholes geology and their relationship, establishment of hydrological 
parameter of aquifer for the evaluation of hydraulic conductivity, 
transmissivity, storativity etc. of the aquifer to study the movement of 
groundwater and behavior of water level in time and space. Investigation 
of hydrochemical data is carried out to study the status of groundwater 
quality in NCT Delhi. Attempts are made to evaluate the groundwater 
resources of the NCT and to demarcate the geomorphic landforms for 
their, sustainable groundwater development in order to meet the 
groundwater supply to urban and rural areas. Use of artificial recharge 
method and to evaluate the impact for the augmentation of groundwater 
for long term basis. The groundwater occurrence movement and 
availability in Delhi is controlled by hydrogeological situation by alluvial 
planes by eastern and western side of ridge. Yamuna river flood planes 
deposits, isolated and nearly close alluvial chattarpur basin, trending 
NNE to SSE, trends towards the quartzite ridge. The salinity is one of the 
most common problems of water quality affected to many blocks. A 
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hydro chemical study has been carried out to find out the TDS, N03> F 
and other anions and cations to draw a picture of water quality in NCT, 
Delhi. 
The groundwater suitability for irrigation has been evaluated based 
on salinity, sodium adsorption ratio (SAR), residual sodium carbonate 
(RSC) etc. in NCT Delhi. 
1.3 METHODOLOGY 
In order to generate the quantitative as well as qualitative data, 
Systematic groundwater survey has been carried out to cover the different 
aspect of groundwater resources and development. Hydrochemical 
studies of various groundwater bodies, continuous depletion in 
groundwater level. Groundwater pollution and suitability for various 
purposes, the following methodology was adapted to carryout the present 
investigation. 
(1) The available published literature of the subject related to 
hydrogeology, groundwater, aquifer characteristics, water 
quality for various uses, Effect of water quality carried out from 
published and unpublished reports of Geological Survey of 
India, Ministry of Water Resources, Central Groundwater Board 
and pollution control board collected and thoroughly studied. 
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(2) The toposheets (53H/2) used to prepare the base map of the 
study area. 
(3) Rainfall data have been collected and analyzed to determine the 
total annual rainfall of each year and to evaluate average rainfall 
of each month during eleven years. 
(4) A network of 106 observation wells covering the entire block of 
NCT, Delhi area was established to generate hydrogeological 
data. 
(5) Pre and post monsoon water level during 2006-07 were 
measured to monitor the water level fluctuation. 
(6) Lithological logs of groundwater drilled by C.G. W.B. (Central 
Ground Water Board) in different rock formation and the data 
utilized for the preparation of hydrogeological cross section and 
fence diagram, to synthesize the aquifer system and their 
position. 
(7) Groundwater samples from deep aquifers have been collected 
during 2005-2007 to analyze major and trace elements to study 
the groundwater quality and to determine its suitability for 
domestic and agricultural purposes. 
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(8) Bar diagrams of various chemical constituents have been 
prepared to study the special changes in groundwater quality 
during 2005 to 2007. 
(9) Various graphical and chemical facies have been determined by 
the plotting of chemical data on Trilinear, Wilcox, U.S. salinity 
laboratory staff, Gibbs, Modified piper, diagrams etc. 
(10) Correlation matrix of chemical parameters measured in 
groundwater samples to investigate the relationship among the 
various water quality parameters. 
(11) Overall groundwater quality is studied for various purposes 
based on physicochemical parameters including heavy metals. 
(12) Concurrence and synthesis, of hydrogeological, hydro-
meteorological, morphological and hydrochemical data, have 
been attempted to generate the model for sustainable 
groundwater resource development and their management in the 
study area. 
1.4 PREVIOUS WORK 
Water is a prime natural resource and is a basic need for all living 
organism, for propagation and economic development. Development and 
management of water resources need to be governed utilizing collective 
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wisdom for the growth of all optimum development and efficient 
utilization of water resources therefore assume great significance. The 
groundwater is an essential and vital component of our life support 
system. The groundwater resources are being utilized for drinking, 
irrigation and industrial purposes. There is exploitation pressure on the 
groundwater resources due to geogenic and anthropogenic activities such 
as unplanned disposal of industrial effluents, sewage and sewerage, 
lowering of water level. That in fact deteriorates groundwater quality. 
The quality of groundwater has undergone to a change to an extent 
that the use of such water could be hazardous. Increase in over all 
salinity of the groundwater and the presence of high concentration of F, 
NO3, Fe, As, total hardness and few toxic metals, ions have been noticed 
in large areas in several states of India. Some of the scientists who have 
worked on the above are as. 
Varahmihira (A.D. 505-587), a renowned astronomer, astrologer 
and mathematician described his work in "Dakargalam" related to 
groundwater exploration with a multidisciplinary approach involving 
earth's sciences & life sciences (H. keran, 1870-74). 
The earliest geological mapping in the Aravalli Super group was 
conducted by Heron (1917). The rocks of Delhi Super group constitute 
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the main Aravalli mountain ranges over a strike distance of nearly 700 
km from Gujarat to Delhi (Heron, 1917). 
Geddes (1960), Sharma and Sharma (1983), Rao (1973) pal and 
Bhattacharya (1979), Srivastava (1983), et al. And Ghosh and Singh 
(1988) discussed different aspects of geomorphology in Gangetic plain 
made systematic study on the subsurface geology of the Indo-gangetic 
plains. 
Deterministic approaches concerning groundwater balance were 
attempted by Bhatnagar et al. (1977) in upper Yamuna basin. Sinha 
(1980) made realistic attempts to study geology, geomorphology and 
hydrogeology in parts of Yamuna river basin. 
Handa(1975, 1981, 1983, 1986, 1987, 1988.) make comprehensive 
work on hydrochemistry, groundwater pollution and hydrogeology in 
India including the Yamuna River sub-basin. Kakkar and Bhatnagar 
(1983), Y.P. Kakkar (1985, 1989) carried out extensive works on 
groundwater pollution, groundwater resources potential and chemical 
quality of water in the basin. They further studied the movement of 
pollutants in saturated and unsaturated zone, their impact on groundwater 
quality and delineated different water quality zones using hydrochemical 
data. 
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A series of hydrogeological surveys were conducted in Indo-
gangetic plain by Pathak (1978, 1982, 1985, 1988.) and Pathak et al. 
(1985). They investigated groundwater resources and development 
potential not only in Indo-Gangetic plain but also in other parts of India. 
Singh (1992) presented brief account of the geological evolution of 
Gangetic plain. 
Sinha (1980) made realistic attempts to study the geology, 
geomorphology and hydrogeology in parts of Yamuna River basin. 
Tebbutt (1983) observed that, the impact of industrial wastes 
discharged into the water bodies showed a negative impact on the 
agricultural land. 
Khurshid and Israili (1988) assessed the pollution load and quality 
of water in western part of Yamuna river sub-basin. Singh et al (1993) 
described the regional extent and configuration of the hydrogeologic 
units that composed the quaternary alluvial aquifers in Ghaziabad. The 
studies have demonstrated that down to average drilling depth of 100 me 
a single hydrological systems prevailed in the area. 
Prasad (1995) has investigated the utilization of groundwater in 
coming years is likely to increased manifold for expansion of irrigated 
agricultural and to achieve the natural targets of food production. 
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Sinha, Kaul, and Srivastava (1996) Analyzed geomorphic hazards 
include irrigation of river Yamuna causing channel modification shifting 
of food plain, meanders and channel bars pose problems of suitability of 
water, water logging, and its related impacts on the society. 
Jain and Sharma (1997) provided an excellent account on 
relationship among water quality parameters and established that 
conductivity is strongly and positively correlated with chloride, sodium. 
Kaul, and Pandit (2004), presented, that Neotectonic changes play 
a vital role in shaping geomorphic set up and drainage patterns, latter two 
forming integral aspects of land use or land suitability considerations for 
sustainable development. 
Heavy metals are among the most studied contaminants in fluvial 
environments (Ciszewski 2001). 
Kaul (2004) investigated the temporal variation in both channel 
geometry and the position of the Yamuna River, reflecting block wise 
elemental changes and the river migration. 
Lee and Park et al. (2002) observed that an increased in salinity 
caused reduction in the crop productivity. 
Most studies of heavy metals associated with river transport have 
focused on the use of metal concentrations to unravel the historical flood 
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plain records and role of stream mining activity on flood plain and 
deposition and contamination of metals (Leece et al., 1997). 
The groundwater in the National Capital Region is controlled by 
the hydrogeological situation, characterized by the occurrence of alluvial 
formations and Quartzitic hard rocks, the hydrogeological set up and 
groundwater occurrence is further influenced by the Alluvial plain on the 
eastern and western ridges, Yamuna River flood plain deposits, isolated 
and nearly closed Chattarpur alluvial basin NNE, SSW trending quartzite 
ridge (Status of Groundwater quality and pollution aspects in NCT, Delhi 
- A Report by Central Groundwater Board, 1999, New Delhi). 
Anil Kumar, Misra etal. (2007) pointed out that in India the 
geographical distribution, geological formation, groundwater occurrence, 
and groundwater quality show large variation through out the country. 
Moreover, its water resources are unevenly distributed in space and time 
with increasing population and for improved standard of living caused 
acute pressure on demand and availability of water. 
Umar (2007) observed groundwater resources has increased 
manifold in the Gangetic plains. He pointed out the excessive use for 
irrigation has detrimentally affected the groundwater in terms both 
quantity and quality. 
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Subba Rao et al., 1998; Subba Rao and Johan Devadas (2003) 
carried out that the quality of groundwater area can be attributed to the 
weathering of rocks and also subsequent contribution from soils. 
Pandian and Sarkar (2007) carried out used the data to compute the 
chemical parameters as non-carbonate hardness. Sodium Absorption 
Ratio, percentage of sodium, Residual Sodium Carbonate, magnesium 
ratio, corrositivity ratio, chloro-alkaline indices and permeability index 
found to be based on evaluation of the chemical parameters. 
Johan Devadas et al. (2007) carried out for understanding the 
sources of dissolved ions in groundwater of the area occupied by Sarda 
river basin Demand for groundwater use for drinking and irrigation has 
increased from year to year due to shortage of the surface water supply. 
Extensive irrigation has detrimentally affected the groundwater quality. 
Jin Yonglee-Sung-Ho Song (2007) proposed that the salinization of 
fresh groundwater is highly associated with groundwater withdrawal. 
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CHAPTER II 
PHYSIOG RAPHY AND HYDRO-METEOROLOGY 
2.1 PHYSIOGRAPHY 
Physiography plays a vital role in determining the environmental 
quality of any region. The Aravalli ranges which provide Delhi a distinct 
physiographic character that makes it an ecologically sensitive area from 
environmental point of view. 
The Union Territory of Delhi consists of flat and level plains 
interrupted by clusters of sand dunes and a long continuous chain of 
rocky ridges. The sand dunes are of varying dimensions and the general 
trend is north-east to south-west. The crust of dunes generally lies 
between 6 to 15 meters above the surrounding plains. They are more or 
less fixed in the area and support the vegetation. It appears that they are 
longitudinal type and are oriented parallel to the prevailing wind 
direction. Physiographically that Union Territory of Delhi has been 
divided into three district unions. 
2.1.1 The area occupied by continuous chain of rocky ridges 
2.1.2 Higher alluvial plain 
2.1.3 The nearly closed basin of Chattarpur in the south. 
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2.1.1 Rocky Ridges 
A rocky-ridge trending NNE-SSE direction from the south-east 
and passing through the eastern part of the area that extends upto western 
bank of the Yamuna near Wazirabad for about 35 km. from its south-
western boundary. The elevation of crests of the ridges is for 213 to 314 
meters above mean sea level with an average elevation of 40 meters from 
the surrounding plains. The rocky ridge flanked on other side by 
undulating flat ground comprising the quaternary alluvial deposits which 
are partly Aeolian, and partly fluvial in origin. Small isolated hillocks are 
located in Kalkaji, Okhla and Tughlakabad areas towards eastern side of 
the ridge and around Naraina, Inderpuri, Anand Parbat, and Shadipur 
depot on the western side of the ridge. The Delhi ridge acts as a ground 
water shade. 
2.1.2 Higher Alluvial Plain 
The slope of the land surface on the eastern side of the ridge is 
towards the Yamuna where the general gradient is about 3.3 m/km for on 
the western side of the ridge, the slope of ground is towards Najafgarh 
Jheel on the south-west. 
2.1.3 Chattarpur Basin 
Nearly closed alluvial fills basin of Chattarpur (28°30\ 70°11') in 
the south Delhi covers an area of about 4,800 sq. km. The general slope 
28 
of the land is towards the centre of the basin from the surrounding ridges 
except in the south-western part, where the slope is towards the south. 
The maximum elevation of the surface in the centre of the basin is 259 
meters above the mean sea level, whereas the hard adjoining quartz ridge 
is about 274.3 meters above the mean sea level. 
The Najafgarh drain runs from this Jheel in the north-easterly 
direction for about 38 km. which finally debounces into the river yamuna 
at Wazirabad in the north of Delhi. Beside Najafgarh drain there are 
several drains to carry rain water into the Yamuna River. 
The present study area varies from 275 m above MSL at Tajwala to 
about 216 m above MSL at Delhi. The NCT of Delhi comprises almost 
flat plain land with clusters of sand dunes in the south-western part and 
long rocky ridge extending roughly from NNE to SSW. The plains on 
either side of this ridge slope away from it. The Yamuna River enters 
from the north-eastern edge and passes through the Shahadara block. 
The Delhi ridge is the last spur thrown out by the Aravalli towards 
the plain of northern India. This reaches near the bank of Yamuna River 
at Wazirabad and runs parallel to the river encircling the walled city. One 
of the highest spur supports the Tughlakabad fort. The ridge runs in 
south-western direction with its surface gradually rising from the mutiny 
memorial on the ridge. After some discontinuity, it reappears near Sadar 
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Bazar. It is a rocky region surrounding with the hill out growth. Total 
area of this zone is 29923 hectares. The NCT Delhi is characterized by 
piedmont zone, central alluvial plain, and marginal alluvial plain (Fig 
2.1). 
The low lying land along the river Yamuna is called Khadar or 
"River rain." This river rain is of a very young origin and low lying 
topography having a total area of 30575 hectares. The tract lying to the 
north of the ridge and west of Grand trunk road, separates it from Khadar, 
is a level plain known as "Bhangar". The tract consists of old deposits 
and has total area of 41457 hectares. The rain water is drained by 
Najafgarh drain and west Mungeshpur drain. Dabar is the area lying to 
the west of the hills and consists of low lying and flooded area. 
The aerial extent of Yamuna flood plain is 97sq.km. The flood plain 
towards North falls in Alipur block, the surface elevation being 210 m 
above mean sea level. In the north it lies at 198 m above mean sea level 
in southern part of Murar belt. The land slope Yamuna bed from north to 
south is 0.4 m per km. Yamuna River is flanked both the side by margin 
bunds to restrict the flood water entering the inhabitate areas. 
The northern and central gently undulating plain comprises 
alluvial and fluvio-alluvial material at places with small Aeolian mounds 
of quaternary to sub-recent age. A perusal of satellite photograph shows 
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the identification of some major lineaments and faults, corroborating 
major tectonic disturbances in the geological time and has resulted in 
uplifting and drawn faulting of the blocks (Kaul, 2000). 
Field scanning of LANDSAT imagery on 1:50,000 scale by the 
Geological survey of India revealed that the presence of relict fluvial 
features over the surface a lighter, phototone, and the break in the slope 
separating it from adjoining rocky surface. Higher alluvial surface in the 
area is drained by Yamuna River. The lower plains are characterized by 
extensive agricultural activities and special disposition of wells and 
tubewells. The flood plains have been comprises into three major 
abundant channels two of these associated with levees and sand bars, 
occupied the central part in the north-south direction (Sinha, 1980). 
2.2 GEOMORPHOLOGY 
Geomorphologically, The study area can be divided into four 
major geomorphological domains, each characterized by its 
distinguishing parameters: (1) Northern and eastern undulatory terrain 
(older flood plain) constituting T2 and Tj terraces, at places, with 
palaeochannels/inactive channels, marshes and meander cutoffs, (2) 
eastern active flood plain, (3) western peneplain area with minor hillocks 
and structural sags and (4) southern upland area with strike ridges, 
dissected hills, bad land with rills and ravines (Fig. 2.2). 
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The northern and eastern areas are largely occupied by older 
alluvium (sub-recent age) with minor Aeolian mounds in the northwest, 
whereas the eastern active flood plains are occupied by newer alluvium 
(Recent in age). The southern rocky upland, in addition to rocks and 
residual soils, also has older alluvium from local ephemeral streams and 
badland with large clay bluffs. The western undulatory terrain has fluvio-
alluvial material, at places, with Aeolian mounds (Kaul & Pandit 2004). 
Geomorphologically, the land area under review comprises 
Arangpur rocky terrain, the older alluvial plain, extension slope of the 
Aravalli Hills and the residual hill near Nawada (232 m above msl). The 
rocky terrain comprises fine to medium-grained recrystallised quartzite 
and coarse-grained gritty quartzite, intruded by pegmatite and quartz 
vein, strike varies from N-S to NE-SW with dips towards West and NW. 
On weathering and decomposition of the cementing material, quartzite 
becomes friable. Morrum pockets are developed in highly weathered 
zones. The friable quartzite is the source of silica sand being mined at 
Arangpur and Manger and other mines (Prasad and Roy, 1982). 
Geomorphic processes which have been operated in the area include 
fluvial, denudational and tectonic, the most significant being the fluvial 
processes. The plateau hill, sloping eastwards, gradually rises to an 
elevation of 298 m above msl. 
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Fig. 2.2 Geomorphological map of the Delhi region showing major geomorphological 
domains and tectonic features 
The foothill slope deposits of gravel and coarse sand gradually merge 
with the flatter older alluvial deposits comprising silty/clayey loam (Roy 
Subhash, 1999). 
Denudational processes are another significant agency engaged in 
sculpturing the landforms. The closely spaced interesting joints help in 
the percolation of water resulting in leaching of cementing material, 
leaving behind a gritty and coarse quartzite. The close spaced joints and 
weathering of joints by water action could have resulted in the occurrence 
of large ferruginous boulders over the parent outcrop. 
Aravalli mountain chain is considered to be a part of relatively 
stable peninsular shield. Tectonic processes have played significant role 
in shaping the landforms and drainage of the study area (Kaul, 2000). The 
earthquakes get generated by slipping of alluvium down the floors of 
Alwar evidently on an account of some regional strain. The anomalous 
widening of Yamuna flood plain and the easterly basement slope at 
Shahadara is indicative of the occurrence of neotectonism (Sinha, 1980). 
The Gangetic plain occupies the central position in the Indo 
gangetic plain and extends from Delhi ridge in the west to Rajmahal hills 
in the east. It is an active peripheral foreland basin, formed on the under 
thrusting Indian plate due to thrust fold loading of the Himalayan orogen. 
Eastern part of study area lies on the west part of Gangetic plain and 
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further sub-divided into piedmont zone, central alluvial plain and 
marginal alluvial plain (Fig.2.1). 
The westv/ard shift of the Yamuna can be inferred by the very close 
spacing of meander scrolls, cut-off meanders, swamps and sandbars on 
flood plain. The groundwater availability in the territory is controlled by 
the hydrogeological situation characterized by occurrence of different 
land forms developed on different geological formation. There are seven 
distinct landforms present in Delhi, 
(i) Mehrauli - Fatehpur Beri Plateau 
(ii) Masudpur - Wazirabad Ridge, 
(iii) Najafgarh Older Alluvial Plain (Dadar) 
(iv) Delhi Older Alluvial Plain (Bhangar) 
(v) Sandy Upland plain with ravenous tracts, 
(vi) Yamuna older flood plain (Terraces), 
(vii) Yamuna active flood plain. 
Mehrauli - Fatehpur Beri plateau is highland area occupying the 
Chatterpur basin, and is a closed basin, the boundary of which is marked 
by the Quartzite ridges. Masudpur-Wazirabad ridge popularly known as 
Delhi ridge extends from southeastern part and passes through the eastern 
part extending up to the western bank of river Yamuna near Wazirabad. 
The ridge has NNE-SSW trend and is acting as a recharge zone for 
36 
surrounding areas of Delhi. Thickness of alluvium in alluvial plain in 
Najafgarh area is about more than 300 m. The wider older yamuna flood 
plain indicates lateral migration of river Yamuna over large areas. This 
belt has good potential for groundwater development. The yamuna active 
flood plain represents the wide belt bounded on both the sides by Eastern 
and western Bunds and is naturally prone to annual/periodic floods being 
in the flood way and flood fringe zone of river Yamuna. 
2.3 DRAINAGE OF THE BASIN (YAMUNA RIVER) 
The river Yamuna is a major tributary of river Ganges. In the upper 
course of 200 Ian stretch it draws water from several major streams 
namely Rishi-Ganga, Unta and Hanuman Ganga, Tons, Giri, and Ashan. 
The combined stream flows through the shivalik range of hills of 
Uttaranchal, Himachal Pradesh, and Uttar Pradesh and enters into the 
plains in the Dak Patthar in Haryana where this river regulated through 
weir and diverted into canal for power generation. From Tajewala 
barrage in Yamunanagar district of Haryana, river again diverted into 
Western Yamuna Canal and Eastern Canal for irrigation. River regain its 
water from groundwater accrual and feeding canal through Sommadi 
(seasonal stream) just upstream of Kalanaur and.traverses a route of about 
1150 km through three states i.e. Haryana, Delhi and U.P. and finally to 
its confluence with Ganges at Allahabad. It receives major tributaries like 
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Fig. 2.3 Map of the Delhi region showing slope characterstics, surface drainage, and temporal 
migration of the course of River Yamuna between 1807 and 1980. 
Chambal, Betwa, Sindh and Ken from right bank and Hindon from left 
bank. 
The availability of water in Yamuna River is greatly varied with 
time and space. Precipitation is confined to only three months in a year 
and varies greatly. Most of the water flows in the Yamuna (nearly 80%) 
in monsoon period (July, August and September). Whatever water flows 
in non-monsoon period (October to June) is extensively used for 
irrigation and drinking leaving veiy little or no water in the river to flow. 
The Yamuna River is flowing southerly directions in the eastern 
part of the union territory of Delhi is only the perennial river in the area. 
Eastern and western Yamuna canals originate from the Yamuna River 
having Bawana, Rajpur, and Lampur as distributaries. The Agro canal 
originates from Okhla about 16 km. south of Delhi Railway Station. The 
drainage on the east of the ridge enters the Yamuna River whereas on the 
v/est of ridge drainage passes on the natural depression of Najafgarh. 
The Yamuna comprises the main drainage system in the study area 
flowing towards southerly direction turning gradually in the south to 
south eastward direction between Okhla and Manjhauli. In this stretch it 
is highly braided and shows profuse development of anastomosing 
channels. The change in the trend of the river may possibly due to 
steepening of the slope of the river. Agra and Gurgaon canals are the 
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important canals flowing southerly in the central part of the NCT, Delhi. 
These canals receive effluents of industries and domestic wastes and 
finally drain into the Yamuna River. The westward shift of the Yamuna 
can be inferred by the very close spacing of meanders, swamps and 
sandbars on flood plain. A map is given to show slope characteristics 
surface drainage, and temporal migration of the course of the Yamuna 
River between 1807 and 1980 (Fig.2.3). 
The River Yamuna is the only perennial river flowing in southerly 
direction. Either side of the river Yamuna is marked by the extensive 
alluvial flood plain. The aerial extent of active flood plain in NCT Delhi 
is 97 sq. Ion. covering five distinct namely north west, North, Central, 
North East and South districts. In general, alluvial flood plain slope is 
towards south. The average slope of the Yamuna river bed from north to 
South is 0.4 m/km. Eastern and western canal and Agra canal are the 
three major canals originating from the river with Bawana, Rajpur and 
Lambpur distributaries. A dense network of lined canal system exists in 
the north western part of the state. A number of micro watersheds 
originate from the quartzite ridge. The drainage on the east of the ridge 
enters river Yamuna, whereas on the west, it enters natural depressions 
located in Najafgarh Tehsil of southwest district. The Geographical area 
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of Union Territory of Delhi is broadly divided into seven drainage basins, 
ultimately discharging into the river Yamuna. 
(i) The Najafgarh Drain is about 39 km long, flows north easterly and 
joins Yamuna River at Wazirabad in north Delhi, 
(ii) Supplementary Drain, 
(iii) Barapullah Drain, 
(iv) Wild Life Sanctuary Area, 
(v) Drainage of Shahadara Area, 
(vi) Bawana Drain Basin, 
(vii) Other drains directly falling into river Yamuna on right bank. 
Older plain is delimited by the Yamuna River towards east and the 
plateau of the Aravalli hills towards west. Younger Alluvial plain of the 
Yamuna flood plain is marked by a break in slope vis-a-vis the older 
Alluvial plain. 
The Delhi region exhibited a very gentle southerly masterslope as 
indicated by southerly flow of Yamuna River except some plates where 
the slope has been locally reverse. The general slope in the region east of 
the Yamuna River is westerly. Similarly, the change in the slope direction 
is also notice with west of Yamuna adjoining Okhla Barrage. Adjoining 
tectonic junction east of Connaught place, slope gently around the 
structural knot. The slopes in the southwest show a major change to the 
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N-E developing an anomalous character. The depth to the bedrock & 
tectonic uplift in the south west has resulted in development of the major 
slopes and consequent modification in the drainage pattern. The southerly 
and westerly flowing drainage changes to the North easterly direction in 
Western part of area and join the North easterly flowing Najafgarh (kaul 
and Pandit 2004). 
2.4 HYDROMETEOROLOGY 
The area under investigation enjoys a typical climate with a long 
and dry hot weather. During April to June the heat is oppressive and dust 
stroms of severe intensity are common. The area experiences cold upto 
the minimum temperature of 5°C. The precipitation of the area is erratic 
and uncertain. The area experiences semi arid type of climate 
characterized by high temperature and low moisture for greater part of the 
year (Table 2.2). 
2.4.1 Climate 
The climate of NCT, Delhi is mainly influenced by its inland 
position and the prevalence of air of the continental type, during the 
major part of the year. Extreme dryness with the intensely hot summer 
and cold winter are the characteristics of the climate. Only during the 
three monsoon months July, August, and September does air of oceanic 
origin penetrate to this district and causes increased humidity, cloudiness 
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and precipitation. The year can broadly be divided into four seasons 
(Table 2.1). 
Table 2.1: shows Seasons in NCT, Delhi 
Seasons 
Cold/Winter 
Summer 
Rainy season 
Begin 
End of November 
Middle / End of 
March 
Early July 
End 
Middle of March 
End of June 
September 
(i) Temperature 
In the cold season both day and night temperature drop rapidly 
with the advance of the season. January is the coldest month with the 
mean daily maximum temperature at 21.3°C and the mean daily minimum 
at 7.3°C. In May and June maximum temperature may sometimes reach 
46 or 47°C. While day temperature is higher in May the nights are 
warmer in June. The highest temperature is very often more than 40°C. 
From April the hot wind known locally as 'loo' blows. In the end of June 
or the beginning of July day temperatures drop and night temperatures 
remain high. In October the day temperatures are as in the monsoon 
months but the nights are cooler. 
43 
(ii) Humidity 
Humidity is high in the monsoon months April and May are the 
driest months with relative humidity of about 30% in the morning and 
less than 20% in the afternoons. 
(iii) Cloudiness 
During the monsoon especially in July and August skies are 
heavily clouded but in the months January, February and early March 
skies become cloudy and over cast when the district is affected by 
western disturbances. 
(iv) Winds 
Winds are generally light during the post-monsoon and winter 
months. The highest wind velocity during summer is 125 km/hr. hot dust 
laden winds are common during summers and cause serious wind 
erosion. Easterly and southeasterly winds are more common in the 
monsoon months. 
(v) Storms and Special weather phenomena 
April to June is the period with the highest incidence of 
thunderstorms, dust storms and the violent squalls (Andhis). Some of the 
thunderstorms are dry, some with heavy rain and some are less frequently 
with hail dense fogs occur in the winter months. Thunderstorms also 
occur in the winter months. 
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2.4.2 Rainfall 
The area receives southwest monsoon shower between July to 
September, the southwestern monsoon accounts for most of the rainfall. 
The normal annual rainfall in the territory is 611.8 mm (Table 2.3). 
Recharge structure are designed for hourly intensity of rainfall in 
one year return period. The month wise break up of rainfall for NCT, 
Delhi is shown below (Fig 2.4). 
Table 2.3: MONTH WISE BREAK OF RAINFALL 
monlh 
A 
B 
Jan. 
14.5 
1.2 
Feb. 
13.2 
1.0 
Mar. 
9.9 
0.8 
Apr. 
5.5 
0.5 
May 
9.2 
0.8 
Jun. 
38.8 
2.1 
Jul. 
191.6 
7.4 
Aug. 
197.4 
7.9 
Sep. 
105.3 
4.0 
Oct. 
19.3 
0.8 
Nov. 
2.8 
0.1 
Dec. 
4.3 
0.4 
Total 
611.8 
27 
a - Normal rainfall in mm 
b - Average number of rainy days with rainfall of 2.5mm or more. 
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Fig 2.4 Month wise break of rainfall 
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The rainfall increases from South West to Northeast, about 81% of the 
annual rainfall is received during three monsoon months of July, August 
and September, while rest of the area annual rainfall is received as winter 
rains. 
The hourly intensity rainfall in Delhi is 43.7 mm/hr. The variation 
of rainfall from year to year is large. During the 80 year period 1901-
1980, 1933 was the year with the highest annual rainfall, which amounted 
to 251% of the normal. The frequency of annual rainfall in NCT, Delhi 
data 1901 to 1980 is shown (Table 2.4). Frequency distribution analysis 
of occurrence of average annual rainfall between 1901 to 1980, shows 
that average annual rainfall between 401 mm to 500 mm and 701 to 800 
mm occurred for 14 years, followed by average annual rainfall of 801 to 
1000mm.(fig.2.5) 
Table 2.4: FREQUENCY OF ANNUAL RAINFALL IN DELHI 
DURING 1901 TO 1980 
Rainfall 
(Range in mm) 
200-400 
401 - 500 
501-600 
601-700 
701-800 
801-1000 
1001 -1200 
1201-1600 
No. of Years 
(Frequency of occurrence) 
9 
14 
10 
9 
14 
12 
4 
1 
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Fig. 2.5 Frequency analysis of annual rainfall in Delhi during 1901-1980. 
In 1951, the year with the lowest rainfall only 44% of the average annual 
rainfall was received. On an average rain of 2.5 mm or more, falls on 27 
days in the year, of these, 19 days are during the monsoon months. Two 
to three days in June are rainy. The heaviest rainfall in 24 hours recorded 
was 495.3 mm at Delhi (Safdarjung) on 9th September 1875. 
The following Intensity of Rainfall was indicated for 1 hour 
duration (table 2.5) (fig 2.6). 
Table 2.5: INTENSITY OF RAINFALL 
Return Period (Years) Intensity of rainfall (mm/hr) 
1 
2 
5 
10 
25 
22.5 
43.7 
58.2 
69.3 
83.8 
120 
100 
80 
60 
40 
20 
n -
u 
/ 
1 
1 
. 4 
2 
El 
3 4 
1 1 
s 
; _ 
(mm/hr) 
Fig.2.6 Intensity of Rainfall 
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The rainfall in NCT, Delhi increases from the southwest to the 
northwest. However, slight increase in rainfall is observed towards 
Yamuna River. A perusal of spatial distribution of average annual rainfall 
shows that Delhi University hydro meteorological station receives 
maximum rainfall of 887.6 mm and Nangloi station receives least rainfall 
of 337.2 mm. Month-wise normal rainfall with rainy days and 
evaporation losses are given in (Table 2.6). The average annual 
evaporation losses are 2224 mm (Fig 2.7). 
Table 2.6: RAINFALL AND EVAPORATION LOSSES 
Month 
Rainfall 
(in mm) 
Rainy days 
Evaporatio 
n (in mm) 
Jan. 
14.5 
1.2 
71 
Feb. 
13.2 
1.0 
101 
Mar. 
9.9 
0.8 
177 
Apr. 
5.5 
0.5 
300 
May 
9.2 
0.8 
400 
Jun. 
38.8 
2.1 
333 
Jul. 
191.6 
7.4 
233 
Aug. 
197.4 
7.9 
133 
Sep. 
105.3 
4.0 
147 
Oct. 
19.3 
0.8 
149 
Nov. 
2.8 
0.1 
102 
Dec. 
4.3 
0.4 
78 
Annua 
1 
611.3 
27.0 
2224 
2500
 ; - - • - - -
2 0 0 0 • + • • • - - • - - - — •-•-
1 5 0 0 1- -• - - - • • • 
i 
1 0 0 0 t 
500 + 
^ <f ^ J? ^ ^ S>V ^ # & ^ <f / 
Rainfall (in mm) Rainy days —Evaporation (in mm) 
Fig 2.7: Rainfall and Evaporation Losses 
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The precipitation over NCT of Delhi generates surface water run of 
through streams, drains and as sheet flow. Considering a run off, 
coefficient of 30% in urban areas and 12% in the other areas, the total 
surface run off works out to be 162 mem. The major part of this run off 
generally contributes to the Yamuna flow in the mid and down stream 
part of the river. Moreover monthly rainfall data of eleven years (1996-
2006) is analyzed (appendix II-A), (Fig 2.8). 
Annual Rainfall 
^ 90 
j[ 80 H f 
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Fig 2.8: Average rainfall data of eleven years (1996-2006) 
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2.5 LAND USE PATTERNS 
Land utilization has changed drastically over the years. The 
agricultural land use is repeatedly modified and more is more areas are 
shifted from cultivation and being utilized for other uses (Table 2.7). 
Table 2.7: Utilisatioin of Land in Delhi (Area in Hectares) 
si. 
No. 
Classification 1990-91 1998-99 
147488 
74248 
64652 
9687 
12864 
746 
1267 
147488 
83714 
72994 
10720 
11143 
61 
1189 
10850 9893 
1. Area according to Village Papers Professional Survey 
2. Area not available for Cultivation 
(a) Land put to Non-agricultural uses 
(b) Barren uncultivable land 
3. Other uncultivated land excluding fallow land 
(a) Permanent pastures and other grazing land 
(b) Land under Miscellaneous tree crops and groves not 
included in net area sown. 
(c) Cultivable 
Waste land 
4. Fellow land 
5. Net area sown 
6. Area sown more than once 
7. Total cropped area 
Forest 
(a) Forest area under D.D.A. 
(b) Notified ridges 
(c) Forest area under forest department except ridge 
area 
12864 
48357 
27882 
76239 
— 
— 
*— 
10016 
41495 
18436 
60231 
1281 
7777 
2952 
Total 12010 
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Morpholandform land use linkup is represented by quarry area of 
the rocky terrain, urban-industrial belt over the coalesced fan slopes and 
agricultural land of the alluvial flat According to TPO (Town Planning 
Organization) the existing land use of Delhi based on landuse inventory 
which recorded - urbanized area - 17287.45 ha in 1958-59, constituting 
11.7% of the total area of NCT, Delhi by 1981, and urban area in Delhi 
48.J77 ha. In March, 1999 the urban area in Delhi was 70162 ha and has 
increased to roughly 75000 ha and that is more than 50% of the NCT, 
Delhi area in 2005 (Table 2.8). 
Table 2.8: Urban area in ha. 
Land use 
Urban area 
1951 
17287.45 ha 
(11.7%) 
1981 
48777 
1986 
57880 
1993 
60340 
1999 
70162 
(-50%) 
2005 
75000 
2021 
137300 
(-92.6%) 
Source: Draft Regional Plan - 2021 NCRPB. 
According to a regional plan governed by National Capital 
Regional Planning Board (NCRPB) about 11000 ha land is earmarked for 
agricultural activities in NCT, Delhi by 2021. The rest of land is 
remarked for urbanization with the supporting amenities like disposal of 
solid waste metro services etc. Thus by 2021, about 92.6% of NCT, Delhi 
will be urbanized (Fig 2.9). 
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Fig. 2.9 Landuse pattern of Delhi 
CHAPTER - III 
GEOLOGY 
3.1 General Geology 
3.2 Geology of the Study Area 
3.3 Regional Geology 
3.4 Basement Topography 
3.5 Geological and Geomorphological Features 
LIST OF TABLES 
3.1 Geological succession around National Capital Territory 
3.2 Geological succession in NCT Delhi 
3.3 Thickness of alluvium overburden over bed rock 
LIST OF FIGURES 
3.1 Physiographic divisions of India 
3.2 Geology of NCT Delhi 
3.3 Aravalli craton. 
3.4 Basement topography DELHI 
3.5 Geological and Geomorphological map of Delhi 
CHAPTER-III jkJ*ft^ 
GEOLOGY i^T / C\ ^TlLi 
3.1 GENERAL GEOLOGY 
India is divided into three distinct physiographic units' viz. the 
peninsular shield, extra peninsula and indo-Gangetic plain. The study 
area forms a part of the middle reaches of the Yamuna River sub-basin of 
Ganga plain which itself constitutes a part of the indo-Gangetic plain. 
Indo-Gangetic plain is the largest alluvial plain of the world, which has 
been formed by deposition of terrigenous clastic sediments through the 
streams of Indus, Ganga and Brahmaputra river system (Fig 3.1) (Singh, 
1992). 
The peninsular shield comprises Plateau Mountains with widely 
distributed drainage, peneplained ancient folded mountains, massifs, 
elongated graben like valleys and coastal plains. The Indo-Gangetic 
trough is formed as a result of continent-continent collision between 
Indian and Asian plates (Dickenson 1974). The Indo-Gangetic plain is a 
deep crustal trough filled with quaternary sediments through the streams 
of Indus, Ganga and Brahmaputra river system. Indo-Gangetic plain is 
divided into four shelf areas separated from one another by three 
transverse highs. 
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Fig. 3.1 Physiographic divisions of India 
• Delhi-Muzaffarnagar ridge 
• Faizabad ridge 
• Monghyr-Saharsa ridge from west to east 
Aravalli Craton: The Delhi Haridwar and Faizabad ridges are basement 
highs extending under the Ganges plain to the Himalayas. GBF 
designates the great boundary fault, location include T, Tusham; D, 
Delhi; L, lucknow; p, Panna; jv, jungle valley; B,Bhopal; AD, 
Ahmadabad (Fig 3.3). 
3.2 GEOLOGY OF THE STUDY AREA 
Physically, the NCT, Delhi can be divided into three segments-the 
Yamuna flood plain, the ridge and the plain. The Yamuna flood plains are 
low lying sandy and are subjected to recurrent floods. The ridge 
constitutes the most dominating physiographic features of this territory. It 
originates from the Aravalli Hills of Rajasthan and entering the NCT, 
Delhi from South extends in a north eastern direction (Table 3.1). It 
encircles the city on the northwest and west. A major preparation of the 
area of Delhi is plain and on this area, Delhi, New Delhi and Delhi 
cantonment along with a vast stretch of numerous villages are located 
(Fig.3.2). 
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Fig. 3.2 Geology of Delhi 
Table 3.1: GEOLOGICAL SUCCESSION AROUND NATIONAL CAPITAL 
TERRITORY 
Post Tertiary 
Delhi System 
(proterozoic) 
Recent and Sub Recent 
Alluvium 
—Unconfirmity 
Intrusive pegmatite and quartz 
veins, granite, amphibolites 
Brown sand and Nodular limestone (Kankar) 
Hornstone Breceias Kushalgarh limestone. 
Alwar Series Quartzite, Arkoses grits, Conglomerate, 
limestone, Schist, mica and contemporaneous 
volcanic Railo series, limestone and Quartzite. 
3.3 REGIONAL GEOLOGY 
The Delhi region is a part of Indo-Gangetic Alluvial plains, at an 
elevation ranging from 198-220 m above MSL, transacted by quartzite 
ridge extending roughly from northeast to southern part of the area. The 
thickness of the ridge is generally >300 m towards west, covering parts of 
southwest districts. 
The Delhi region in northern India is bounded by the Gangetic 
alluvial plain in the north and east, the Thar Desert in the west, and 
Aravalli hill ranges to the south. The Delhi system lies over the gneisses 
and the Railo with a great unconformity and is in turn overlain 
unconformably by the Vindhyans (Fig.3.2). 
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Table 3.2: GEOLOGICAL SUCCESSION IN NCT DELHI 
Recent and sub-
Recent 
Post Delhi Intrusive 
Delhi Group 
Younger Alluvium 
Older Alluvium 
AI war Series 
Yamuna River Sand and deposits in stream bed 
Yellow and reddish soil comprising silt/clay with local 
kankar beds sand lences and small Ferruginous 
concretions 
Quartz Vein's, Pegmatite 
Quartzite, crystallized bluish, grayish and pinkish in 
colour, Arkoses grits, thin inter beds of micaceous 
schist's Quartzite containing pyrite specks, stringers 
and occasionally graphitic stringers. 
NCT is occupied by quartzite inter-bedded with mica-schist 
belonging to Delhi supergroup, unconsolidated sediments of quaternary 
to recent age unconformably overlie these. Ajabgarh group of Delhi super 
group of early to Middle proterozoic age, Geologically belongs to the 
oldest rocks exposed, quartzite interbedded with mica-schist and 
phyllites. These quartzite occupying central to southern part of the area 
gray, massive to thinly bedded and structurally from a coaxially refolded 
regional antiform plunging towards southwest (Table 3.2). The Alwar 
series of the Delhi system is represented by quartzite and mica schist with 
pegmatite intrusive. 
The major planner structure strikes NE-SW with steep 
southwesterly dips. The prominent Delhi ridge trending NNE-SSW 
direction divides the surrounding alluvial plain into upper Ganga plain in 
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the east of the ridge and Punjab plain in the west. The predominant joint 
directions are NNE-SSW, NNW-SSE and east west and dipping at 
various angles right upto 90 degrees. 
Quaternary sediments comprise older and newer alluvium cover the 
rest of area. The Yamuna flowing from north to south is the principle 
stream. The quartzites are close textured, thickly bedded and devoid of 
interstitial spaces. These are white, pale gray or pale pinkish purple with 
radish brown shades depending upon the amount of iron oxides coating 
over the constituent grains. 
The older alluvium comprises silt, clay mixed with kankar in 
varying proport1 on. The newer alluvium mainly consists of un-oxidised 
sands, silt and clay occurring in the Yamuna flood plain. The area is 
dissected by number of faults in a trend of NNE-SSW to ENE-WSW. The 
important faults west of the ridge area are: Rajendra Nagar, MES Depot, 
East Patelnagar fault, Annad Prabhat, West Patelnagar fault, Indrapuri 
fault, WNW-ESE trending fault between Qutab minar and Mehrauli, 
Lado Sarai fault. 
The quartzites strikes in NNE-SSW direction with 45° to 85° dips 
towards east, these rocks are intruded by pegmatite, (composed of 
feldspar, quartz, mica and tounri|J*ne) quaternary sediments, divided into 
older alluvium, newer alluvium and Aeolian deposit, unconformably 
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overlie Ajabgarh group of rocks (Table 3.2). The minerals of some 
economic significance in the ridge are barytes feldspar, quartzites, copper 
ore, calcite, clay, building stones and limestone. 
Massive, hard, compact, light grey to dark grey quartzites with 
detrital garnets are exposed in the area. The rocks in the central part 
extend as a NE-SW trending ridge (known as the Delhi ridge or the Delhi 
Shahabad Ridge) up to Wazirabad in the NE. The northern and central 
gently undulatory plain comprises alluvial and fluvio-alluvial material at 
places with small Aeolian mounds of quaternary to sub-recent age. The 
depth of bedrock between the Delhi (Shahabad) ridge and the Yamuna 
River varies from 0 to 30 m.b.g.l. The bedrock depth is over 100 m.b.g.l. 
further east and within the flood plains of the Yamuna River. In the 
northern part the bedrock has not been encountered, even upto a depth of 
340 mbgl. 
The Delhi sequence starts with a basal conglomerate and shows a 
facies change from calcareous members in the lower part to arenaceous 
members in the middle and predominantly argillaceous rocks toward the 
top. 
The rocks of the Delhi super group constitute the main Aravalli 
mountain ranges over a strike distance of nearly 700 km from Gujarat to 
Delhi. As a generalization, they form a broad synform. In the northeastern 
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portion, the Delhi rocks rest on older Bhilwara Group/Banded Gneissic 
Complex (BGC) with a marked unconformity. In the southwestern 
region, there is structural discordance to the Aravalli Super group. The 
main rock types of Delhi Supergroup and quartzites, conglomerates, 
arkoses, phyllites, states, various types of schists, limestones, marbles, 
Mafic flows and amphibolites. The northeastern part of the Delhi 
Supergroup is older than middle proterozoic. Young Delhi rocks may be 
related to lower Vindhyan rocks, which are dated as 1,400 to 1,200 M.Y. 
old. 
The Alluvial formations overlying the quartzite bed rocks have 
different nature on either side of the ridge. The Yamuna flood plain 
contains a distinct river deposit. The nearly closed Chattarpur alluvial 
basin covering an area of about 48 km is occupied by alluvium derived 
from the adjacent quartzite ridge. The Delhi ridge which is the northern-
most extension of Aravalli Mountain consists of quartzite rocks and 
extends from southern part of the territory to western bank of Yamuna for 
about 39 kilometers. 
3.4 BASEMENT TOPOGRAPHY 
The basement topography map was reconstructed by using 
exploratory data of NCT Delhi shown in (Fig 3.4). The basement 
topography of NCT Delhi is highly uneven depicting the presence of sub-
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surface ridges and valleys because of folding of the geological formations 
during the pre-Cambrian and subsequent periods. 
The thickness of unconsolidated sediments towards east of the 
ridge gradually increase away from the ridges, with the maximum 
reported thickness being 70 m. In the south-western, western and 
northern parts of the area, the thickness of sediments is more than 300 m 
except at Dhansa where the bedrock has been encountered at 297 m 
below land surface. It has been observed that the bed rock slope towards 
eastern flank (Trans- Yamuna area) from central Delhi ridge is gentler 
than the western flank i.e. Najafgarh, Mundaka and Bawana area. Even 
in eastern flank far from Delhi ridge near Ghadhipur, Trilokpuri and 
Mayurvihar phase-2 shallower bed rock topography encountered. The 
same condition also prevails at north-east bordering area of Delhi near 
village kondli (Loni border). In Chattarpur basin, the maximum thickness 
of sediments is 116 m. The nature of bedrock topography in different 
parts of NCT, Delhi is rendered uneven due to existence of sub surface 
ridges. Thickness of alluvium overlying the Quartzites increases away 
from the outcrops. The thickness of alluvium is 300 m or more in most 
parts of south west, and North West districts. 
The depth to bed rock is within 30 m on the east side of the ridge 
with a gradual downward slope towards river Yamuna. On the west of 
65 
77° 0' 77° 15' 
^ 
HARYANA 
HARYANA 
28° 
45' 
28° 
-30M 
HARYANA 
INDEX 
DEPTH TO BED ROCK IN METRES 
V 
I 
I 
! 
I 
— 
! 
/ / ! < IO 
10 - 3 0 
30-100 
100-150 
150-200 
200-300 
> 300 
Kilometres 
5.0 10.0 
77° 0' 77° 5' 
Fig. 3.4 Basement Topography of Delhi 
ridge near Mall road and Vikramaditya Marg, the depth to bed rock varies 
from 1.0 to 30 mbgl. Further west of it and east of Najafgarh drain; there 
is a sudden increase in depth to 100 m. Near Sabzimandi, Rani Jhansi 
road, Chandni Chawk and Sadar Bazaar areas, thickness of alluvium is of 
the order of 10 to 20 m whereas near Roshanara garden the thickness is 
about 200 m (Fig 3.4). 
In central part of the city area near Daya Basti railway station, 
karampura, Patelnagar Railway station, the bed rock occurs within 30 m 
• depth. But a little east of Karampura, in DCM chemical works, the bed 
rock has not been touched down to a drilling depth of 182.88 m. Such 
sharp and sudden change in thickness of alluvium may be due to faulting. 
In the Irwin hospital, Delhi gate, Daryaganj, Vijay Chowk and Pusa road 
areas the depth to bed rock varies between 40 to 60 mbgl. 
In Shantivan area bedrock is encountered at a depth of 23 mbgl. In 
Nangla Machi and zoo complex, bed rock exposures are present on 
surface. In Okhla village, bed rock is exposed on surface within the 
Jamia Milia Islamia campus. The thickness of alluvium is about 30 m at 
Rail Bhawan and is about 100 to 150 m around India Gate. In Trans-
Yamuna area the thickness of alluvium varies from less than 20 m to 
more than 150 m away from Yamuna. In Usmanpur area bed rock is 
encountered at a depth of about 60 m. In Sonia Vihar area bed rock is 
67 
encountered at a depth of 50 mbgl and at west of Akshardham it reaches 
to 112,116 &120 m. In Chattarpur basin of Mehrauli block, the alluvial 
thickness varies from a few meters near periphery to 115 m. around 
Satbari bund. 
The sub-surface ridges not only control the ground water situation 
in Yamuna flood plain but have significant role in ground water flow 
regime and thus it control the quality of ground water in underlying older 
alluvium. The depth of interfaced between fresh/saline water is a factor 
of not only natural recharge but also controlled by sub-surface 
topography because of which few areas in NCT, Delhi are having fresh 
water through out the explored depth and in some places brackish water is 
present from surface itself. 
Taking into account of thickness of alluvium overburden, the area 
of NCT Delhi has been classified into three zones A, B, C, shown in the 
table below (Table 3.3). 
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Table 3.3: THICKNESS OF ALLUVIUM OVERBURDEN OVER 
BED ROCK 
Zone 
Zone A 
Zone B 
Zone C 
Depth of 
bedrock or 
overburden 
in mbgl 
<30 
30 to100 
>100 
Area of NCT Delhi 
Lai Quila, Delhi Gate, Firoj Shah Kotla, Ramlila Ground, Ajmeri 
Gate, Sadar Bazaar, Khirpur, Timarpur, Majanu Ka Tila, Gandhi 
Nagar (Rail Bridge) Nehrupark, Sabzimandi, Chandni Chawk-Sadar 
Bazaar, Greater Kailash-kalakaji, North of Connaught Place Moti 
Bagh. 
Usmanpur, Loni Border, Metro Pail Depot, Mayor Vihar Phase-II 
(Block BD), Geeta Colony, Khajuri Khas, Shakarpur Khas, 
Gadaipur, Jaunapur, Ayanagar, Hauj Khas, Vayusenabad, Jamia 
Univ (Okhala), Arvindo Marg, Gulabi Bagh, Trilokpuri, 
Mayurvihar-Phase-11, Ghazipur, Kondli (Loni Border). 
Madanpur Khaddar, Jagarpur, Jaitpur West of Najafgarh Nala.Kirbi 
Place, Palam Village, Shastri Nagar, Shahadara, Anad Vihar, 
Dilshad Garden, Bawana, Nanglio, Tikri Kalan. 
Delhi geological and geomorphological features are characterized 
like quartzite-Delhi supergroup, older alluvium, newer alluvium, Aeolian 
sand, rocky surface, denudational hills, ridges, older alluvial plain, 
Yamuna older flood plain, depositional terrace, Yamuna active flood 
plain, sand mound, sand mound/dune abandoned channals, meander cut 
off, terrace scarp (Fig 3.5). 
Alwar quartzite of Delhi supergroup occurs as penneplain ridges 
and is developed in a small portion in the northwestern part of the area. 
The Quartzites are compact, dirty white, pale grey, and purple in color, 
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and are highly jointed. A major part of the area is occupied by quaternary 
alluvium comprised of sands of various grades, clay and silt inter-bedded 
with kankar (calcareous nodules) forming potential groundwater 
reservoirs. 
3.5 GEOLOGICAL AND GEOMORPHOLOGICAL FEATURES 
some geological and geomorphological feature of Delhi like 
quartzite- Delhi supergroup, older alluvium, newer alluvium-Yamuna 
terrace, older alluvial plain, Yamuna older flood plain-depositional 
terrace, (Tl) and erosional terrace (T2), Yamuna active flood plain (TO), 
sand mound/ dune abandoned channels, meander cut off, terrace scarps 
are shown (fig 3.5). 
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CHAPTER IV 
WATER REQUIREMENT AND AVAILABILITY IN 
DELHI 
National Capital Territory of Delhi occupies an area of 1485 sq. km 
and lies between latitudes 28°24'15" and 28°53'00"N longitudes 
76°50'24' and 77°20'30°E. The area is covered under survey of India 
Toposheet Nos. 53D and 53H/2. For administrative purpose, NCT, Delhi 
has been divided into 9 Districts and 27 Tehsils/sub-division. NCT Delhi 
has three statutory towns, 59 census towns and 165 villages as per the 
census 2001. 
» 
Population Growth in Delhi 
2000 
4.1 Population Growth in Delhi 
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4.1 DEMOGRAPHY OF NCT, DELHI 
Out of the total 1485 sq. km., the urban area including the new 
settlements in rural habitations account for about 496 sq. km. As per the 
records the total population of NCT, Delhi is 137.38 lakhs with 
population density of 9344 persons/sq. km. area. Population growth in 
Delhi is increasing in every year since 1900 to 2000 very rapidly (Fig 
4.1). There is viding variations in density of population from 4165 
persons per sq. km. in southeast district to 29395 persons / sq. km. in 
Northeast district. The growth of Delhi urban agglomeration has been 
much higher than that of the other mega cities in every decade. By 1981, 
urban area in Delhi has grown to 48,777 hectares. The National capital 
region digitized the IRS-IB IC data of entire capital region. In 1999 the 
urban area in Delhi was 70162 ha and was increased to roughly 75000 ha 
which is more than 50% of the area of NCT, Delhi. 
According to recent survey, more than 50% of Delhi's population 
lives in about more than 1304 unauthorized colonies, 1080 J.J. (Jhuggi 
Jhonpari) slums, 46 resettlement colonies and more than 210 rural 
villages. The total number of vehicles has increased phenomenally in 
order to meet the transportation demand of population from 2.35 lakh in 
1975 to 26.29 lakh in 1996 and is expected to touch a figure of 60 lakh in 
2011. 
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4.2 GROUNDWATER CONSUMPTION 
The groundwater pumpage for irrigation purpose is mainly 
concentrated in the block of Khanjawala, Najafgarh, Alipur and 
Mehraulli, in Shahdara block ground irrigation is on limited scale. The 
main irrigated crops are wheat, rice, and vegetables, off the late the food 
crop area under irrigation is gradually decreasing and cash crops 
especially the vegetables are being grown by the groundwater irrigation. 
In areas with sandy soil are being used to grow vegetables even with 
saline ground water irrigation. The yields however, in these areas are less 
as compared to those grown in fresh ground water areas. Further, the 
agriculture land is being converted to farm lands with farm houses, where 
it is used in irrigation for maintaining lawns and to support floriculture 
and horticulture to some extent. 
The groundwater pumpage for domestic and industrial uses is quite 
substantial in the territory. Delhi water supply and sewage board is the 
main organization for supplying drinking water. The ground water 
pumpage for domestic is mainly through state tubewells owned by 
Municipal Corporation of Delhi (MCD), cantonment board, institution, 
hotels etc. In all blocks of the territory ground is being used for domestic 
uses, as per present estimates there are sixteen ranney wells in Yamuna 
flood plain and more than 1200 states tubewells, beside of more than 
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5000 hand pumps in different blocks. Beside more than 1 lakh hand 
pumps are being used by the houses holds and other organization for 
domestic purposes. The extent of groundwater can be seen from the 
major pumping centers in different parts of the NCT Delhi (Table 4.1). 
Table 4.1: WATER CONSUMPTION IN NCT, DELHI 
S. No. Water use Consumption 
litres/capita/day 
1. Domestic 
2. Industrial, commercial and community requirement 
based on 45000 liters per hectare per day 
3. Fire production based on 1% of total production 
4. Garden based on 67 litres 
5. For floating population and other uses 
Total 
The requirement of raw water in Delhi would be about more than 
400 liter/capita/day (LPCD) considering the transmission losses in 
bringing raw water from distant sources. The total consumption of water 
has been estimated 4.83 million cubic meters per day (MCM/day). 
4.3 GROUNDWATER WITHDRAWAL AND WATER TREATMENT 
The water requirement of NCT of Delhi constitute mainly for 
drinking water supply of its growing population. The NCT, Delhi 
226 lit/cap/day 
47 
04 
35 
52 
364 lit/cap/day 
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comprises six administration blocks, namely Alipur, Khanjhawala, 
Najafgarh, Mehrauli city block and Shahdara (Fig 4.3). 
The water supply resources in Delhi are continuously under severe 
pressure due to ever increasing population and industrial activities (Fig 
4.1). The metropolitan city became a major centre of convenience 
industry and education. The growth of government Departments and 
office complexes has contributed to the city growth. Civic amenities have 
not kept pace with increasing urbanization. The unabated immigration of 
population has compounded the problems resulting in floating the land 
use regulations and restriction and deterioration of green cover. 
The quality of groundwater with Delhi varies from place to place 
along with the depth of water table. The groundwater potential map 
showing the hydrogeological characteristics of NCT Delhi is presented 
(Fig 4.2). It also varies with seasonal changes and is primarily governed 
by the extent and composition of dissolved solids present in it. The kind 
and concentration of dissolved salts depends on their sources and nature 
of sub-surface environment. The installed capacity of water treatment 
plants to meet drinking water requirements of Delhi was 1.97 mcm/day 
(345 MGD) at during the year 2001-2002. At present the gross capita 
availability of filtered water is about 200 LPCD (44 gped) which works 
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Fig. 4.2 Groundwater Potential of Delhi 
out to be about 150 LPCD (33 gpd) taking into account the conveyance 
losses (Fig 4.4). 
4.4 PRESENT RAW WATER AVAILABILITY 
The water availability from surface water sources viz. Yamuna, 
Ganga and Bhakra system is of the order of 1150.2 mem. The Yamuna 
River contributes substantial part. Of the total 724 mem water available in 
Yamuna River (NCT, Delhi's share) the flood water is of the order of 580 
mem. About 50% of this amount is not being used and flows out of Delhi. 
The total groundwater available in the territory is 291.54 mem/ 
year. The present use is for irrigation, drinking and industrial purposes. 
The area irrigated by groundwater is 47,500 ha. As regards to withdrawal 
of the other uses, it is difficult to assess the quantity withdrawn from 
groundwater reservoir. Besides, officially estimated withdrawal of 
groundwater substantial quantity of groundwater is being withdrawn by 
the private sectors, viz. houses, hotels, hospitals etc. Thus, the 
contribution from the groundwater reservoir is quite substantial. A rough 
estimate indicates that about 142 mem withdrawal is for drinking and 
industrial uses and 118 mem for irrigation purposes (Rohilla, 2001). 
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4.5 PRESENT WATER REQUIREMENT 
As per the National Building Code the total minimum water 
requirement is 200 LPCD which involves about 45 LPCD for flushing 
requirement and 155 LPCD water for other domestic uses. The following 
data shows the drinking water requirement. 
Actual drinking use - 10 LPCD 
3 meals at 20 liters/meal - 60 LPCD 
Other potable uses - 5 LPCD 
Total - 75 LPCD 
The norms set by Delhi water supply of the total of 225 LPCD. If 
these norms are applied to the dual water supply system, which would be 
supplied as follows, 
Potable or drinking water - 75 LPCD 
Domestic water - 150 LPCD 
Total - 225 LPCD 
As per the above requirements per capita per day present total 
requirement for drinking and domestic purposes comes out as is 3675.5 
MLD per day (810 MGD). The irrigated and industrial requirements of 
total water requirement would be 3940 MLD (866 MGD). At present this 
requirement is about 630 MGD of water by treating the surface water 
through the conventional treatment plants (Table 4.2) 
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4.6 Water Treatment Capacity 
During the 2001 the installed capacity of water treatment has been 
increased to 1.99 mem / day (437 mgd). During the 2004-2005 the 
installed capacity has further been increased and is now 2.38 mem per 
day (525 mgd). It is proposed to further augment to 3.57 in cm/day (785 
mgd) (Fig 4.4). 
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Table 4.2: WATER SUPPLY SYSTEM IN NCT, DELHI 
s. 
No. 
1. 
2. 
Raw Water Source 
River Yamuna 
Upper Ganga Canal, 
Water 
Treatment 
Plant 
Chandraw 
al 
I&II 
Wazirabad 
1,11 &III 
Bawana 
Sonia 
Installed Capacity 
MCM/Da MGD/Dd 
y y 
0.410 
0.546 
0.091 
0.638 
90 
120 
20 
140 
Water Supply Areas 
i 
11 Service Reservoirs-Flagstaff, 
Hindu Rao, Jeetgarh, Jhandewalan, 
Ridge Road, Talkatora, Palam, 
Hasanpur,Rajendra Nagar, Shadipur, 
Narayana, (One Booser Pump 
Station at Patel Road) 
Sonia Vihar, Wazirabad, Civil Lines, 
Connaught Place, Model Town, 
Rajendra Nagar 
North Delhi 
East Delhi and South Delhi 
U.P. Vihar 
(Raw Water 
Brought Through 
Conduit Pipeline) 
Bhagirathi 0.455 
3. Western Yamuna Haiderpur 
C a n a l
 I, Hi &III 
Renny Wells On 
River Yamuna Bed 
Rainy Wells/ 
Tubewells 
Okhla 
Subsurface 
Water 
0.910 
Nangloi 0.182 
100 East Delhi, Trans Yamuna, Parts Of 
South Delhi (Okhla, Maharani Bagh, 
Lafpat Nagar, Kalkaji, Sudkdev 
Vihar), also to Okhla Water Works 
200 North West Delhi 
(Roninia,Saraswati Vihar, Ashok 
Vihar, Lawrence Road), Part of 
South Delhi and Entire West Delhi 
40 West Delhi-Uttam Nagar, Dwarka 
Pappankalan, Jhadewalan, Talkatora, 
Patel Nagar, Ridge Road, 
Malkaganj, Nangloi, Najafgarh 
0.055 12 Kalkaji,Okhla,New Friends Colony 
0.369 81 
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In NCT-Delhi for potable water supply seven water treatment plant| 
(WTP) viz. Chandrawal I &II, III (120 MGD), Haiderpur I & II (200 
MGD), Bhagirathi (100 MGD), Nangloi (40 MGD), Okhla (12 MGD) 
and Sonia Vihar (140 MGD) are under operation and supplying drinking 
water to various parts of Delhi (table 4.2). The potable water demand is 
increasing day by day due to growing urbanization, improvement in 
living standards and rapidly increasing population of Delhi and there is 
increasing pressure on water supply. The present drinking water demand 
of Delhi is approx. 900 MGD. 
4.7 WASTE WATER GENERATED 
Delhi constitutes 2% of the catchment area of Yamuna basin, yet 
the metropolitan area contributes substantial pollution load. The 
municipal waste water is the main water pollution source in terms of 
volume. Approximately 1.99 MCM/day of ihe waste water is discharged 
from the municipal sector and 0.32 MCM per day from the industrial 
sector. The installed treatment capacity is 1.27 MCM which is limited 
upto primary treatment, while secondary treatment does not exist. The 
substantial quantity of untreated sewage and partially treated sewage is 
discharged into the Yamuna River everyday. The Najafgarh drain is 
estimated by contributing about 60% of the total waste water and 45% 
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Fig. 4.4 Treatment plants and level of water supply in Delhi. 
of the total Biochemical Oxygen Demand (BOD) load into river Yamuna. 
The municipal waste water has increased from 0.96 MCM to 1.90 MCM. 
The capacity for treatment has been enhanced from 0.45 MCM to 1.27 
MCM during year 2006 (Prasad 1995). 
4.8 SURFACE WATER AVAILABILITY 
The water resources of NCT, Delhi include annual precipitation, 
allocation of water through different Himalayan river system and from 
insitu groundwater reservoir. The NCT includes the surface water 
requirement from the following sources. 
4.8.1 Rain Fall 
Records of the rainfall in NCT, Delhi has been collected from the 
13 stations viz. Chandrawal, New Delhi (Safdarjung), Delhi University, 
New Delhi (Palam), Okhla, Mehrauli, Delhi Sadar, Nangloi, Shahadara, 
Najafgarh, Alipur and Narela. The normal rainfall in Delhi is 611.8 mm 
(Table 2.3). The rainfall increases from Southwest to Northeast. About 
81% of the total annual rainfall is received during three monsoon months 
of July, August and September. The rest of the annual rainfall is received 
as winter rains and as thunderstorms rain in the pre and post-monsoon 
months. The variation of the rainfall from year to year is very large. 
During the last 80 years of the records, the light rainfall was occurred in 
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1993 which amounted to 1535 m (251% of the normal). The lowest 
rainfall to only 269 mm (44% of the normal) was recorded in 1951. 
The precipitation over NCT of Delhi generates surface water runoff 
through streams, drains and as sheet flow. Delhi being highly urbanized, 
the runoff is high due to extensive paved area. Considering a runoff, 
coefficient of 30% in urban areas and 12% in other areas, the total surface 
runoff works out to be 162 mem. The major part of this runoff generally 
contributes to Yamuna flow in the mid and down stream part of the river. 
4.8.2 Surface water resources 
The river water is the main source of surface water in the National 
capital which emergs from the hills near Tajewala and flows from north 
to south in the territory. It enters Delhi near Wazirabad and after flowing 
through the capital for about 48 kms enters Uttar Pradesh near Okhla. The 
river Sahbi from Haryana enter capital territory through Dhansa bund 
more to less as sheet flows. It first discharges into Najafgarh Jheel and 
then flows into river Yamuna through Najafgarh drain. Besides, the rain 
water generates runoff which flows during monsoon through streams and 
drains. The major surface water sources lie out side NCT of Delhi and 
the share of the surface from the Himalayan River is through different 
interstate agreements. 
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The share of surface water from these rivers as per interstate aggregates 
and present installed capacity of withdrawal is presented below (Table 
4.3). 
Table 4.3: SURFACE WATER AVAILABILITY AND PRESENT INSTALLED 
CAPACITY OF WITHDRAWAL 
River System Present installed capacity of Availability 
withdraw 
Yamuna 442 mem (266 mgd) 724 mem 
Ganga 166 mem (100 mgd) 179 mem 
Beas(Bhakra) 246 mem (148 mgd) 246 mem 
The river Yamuna provide the major share of surface water in the 
territory. Based on 75% dependability the national flow in the river 
Yamuna upto Okhla has been assessed as 11.70 billion cubic meters 
(BCM) and mean and mean year availability has been assessed as 13.00 
BCM. In order to maximize the utilization of surface flow of the river, 
Yamuna a number of storage projects have been identified in the 
Himalayan foot hills region. Considering the irrigation and consumptive 
drinking water requirements, the allocation of utilizable water resources 
of River Yamuna amongst basin states, assessed on mean year 
availability has been made. 
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1. Haryana - 5,730 BCM 
2. Uttar Pradesh - 4,032 BCM 
3. Rajasthan - 1.119 BCM 
4. Himachal Pradesh - 0.378 BCM 
5. Delhi - 0.724 BCM 
It is also observed that a minimum flow of 10 cumec shall maintain 
downstream of Tajewala and downstream of Okhla head works 
throughout the year of ecological consideration in proportion of 
completion of the upstream storages. It is also assessed that a quantum of 
0.68 BCM may not be utilizable due to flood spills. The allocation of 
available flows amongst the beneficiary states will be regulated by upper 
Yamuna River. In a year when the surface water availability is more than 
the assessed quantity, the surplus availability will be distributed amongst 
the states in proportion to their allocation. However in a year when the 
availability less than the assessed quantity, just the drinking water 
allocation of Delhi will be met and balance will be distributed amongst 
Haryana, U.P. and Rajasthan in proportion to their allocations. Out of 724 
mem, the water allocation the monsoon runoff is 580 mem nearly half of 
this flood water is not being utilized at present and flows out of Delhi. It 
is seen from the above table that about 259 mem of surface water is still 
unutilized in Yamuna River. 
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4.8.3 Non-Committed Surplus Monsoon Runoff 
Besides, the surplus flood flows in Yamuna during monsoon, the 
runoff generated from rainfall is also available for utilization. The water 
flowing in drains can be another surplus quantity for utilization. The drain 
water is mostly polluted due to disposal of sewage in these drains, and 
has not been considered at present. However, the rain water for the stretch 
at Najafgarh drain upstream of its confluence with Gonda drains appears 
unpolluted and could be utilized for recharge of groundwater reservoir. 
This surplus runoff can be used for augmenting the groundwater 
resources. 
Considering the Yamuna flood and the run off generated during 
monsoon. The surplus monsoon run off availability works out: 
Yamuna surplus flood flow 282 mem 
Raiinfall runoff 162 mem 
Total 444 mem 
4.9 REQUIREMENT AND WATER SUPPLY SCENARIO 
4.9.1 Water Supply Plan for Dwarka Township 
The projected water requirement for Dwarka Township is 
estimated as 10 MOD. As the Dwarka Township, extending in an area of 
about 35 Sq. km has limited prospects for fresh ground water 
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development. Hence It is proposed to have dual water supply scheme for 
the entire township where in 5 MGD of fresh water for drinking purposes 
can be supplied through a battery of 70 number of tubewells proposed 
along the Najafgarh drain. Three pockets (topographical depressions) 
have been identified a) Gummenhera depression b) Pochanpur depression 
c) Kakraula depression. The fresh water supply can be supplemented by 
another 5 MGD of fresh to marginal quality of water through a battery of 
70 number of tubewells proposed within the township and can be 
supplied through the same transmission line for domestic uses at pre-
decided hours of the day. Groundwater supply in various blocks of NCT 
Delhi is presented (Table 4.4). 
4.9.2 Water Supply to Rural Delhi in Northwest Delhi 
The detailed ground water exploration studies revealed to identify 
the potential aquifers in the area along the Western Yamuna Canal. The 
area is underlain by sand, medium to course grained, admixed with 
varying proportions of kankar horizons dominates at shallow depths and 
act as moderately potential aquifer zones. These sand horizons of varying 
thickness from 3 to 15m are predominant upto a depth of about 70 to 75 
m at Bawana, 112 m at Sanoth and upto 88 m in Barwala. A perusal of 
cross section along the Western Yamuna Canal shows that newer 
alluvium consists of sand of fine to medium grained is present with 
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thickness varying between 34 m at Bawana to 20 m at Khera Kalan. The 
sand layer is underlain by Older alluvium consists of silty sand mixed 
with Kankar is present down to a depth of about 80 m towards Bawana 
and 70 m at Khera kalan. Minor intercalations of clay mixed with kankar 
are present as lenses within this silty sand layer. Below this horizon, 
alluvium is predominantly clayey mixed with kankar and minor silt is 
present. Five to six intercalations of silty sand mixed with kankar horizon 
are present as lenses within the clayey horizons. 
Based on chemical quality of ground water, a fresh/saline interface 
map has been prepared. A thick column of fresh ground water aquifer 
system exists down to a depth of 50 to 70 m in the vicinity of Western 
Yamuna Canal and thickness decreases away from canal. In the villages 
ease of Bawana, Khera khurd, Nayabas, North of Shahbad, thickness of 
fresh water aquifers is about 50 to 60 m. Ground water present in this 
depth range is fit for drinking, domestic and industrial uses with electrical 
conductivity is less than 2000 microsiemens/cm at 25°C. In the villages 
Puth khurd, Barwala, North of Sanoth and Holambi khurd, the thickness 
of fresh water aquifers is about 15 to 25 m. Thus existence of thick 
column of fresh ground water aquifers beneath Western Yamuna Canal is 
due to infiltration of fresh water from the canal and flushing of entrapped 
saline water from these aquifers. This is due to highly porous soil media 
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existing in this area in the form of sandy newer alluvium and silty sand 
mixed with kankar formations of older alluvium. 
The ground water development plan for the district envisages the 
development of fresh ground water aquifers underlying Western Yamuna 
Canal by constructing 40 tubewells of depth 50 to 70 m all along the 
canal. The discharge of these tubewells will be about 600 to 800 LPM 
and can be pumped for 12 to 15 hours a day. These tubewells can yield 
about 5.0 MGD of water for drinking purpose to be supplied to the 
villages located in North West district. 
Table 4.4: GROUNDWATER SUPPLY IN VARIOUS BLOCKS OF NCT 
DELHI 
S.No. Name of blocks No. of State tube State tube Hand pump 
structures pvt. wells wells 
shallow rainy 
tubewells wells 
1 
2 
3 
4 
5 
6 
Khanjawala 
Alipur 
Najafgarh 
Meharaulli 
Shahdara 
City 
3488 
2756 
3024 
1865 
383 
Horticulture 
17 45 
64 2 30 -
63 '- 20 80 
25 - 125 
04 2 10 -
50 11 170 3000 
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4.9.3 Water Supply System for East Delhi 
East Delhi consisting of two districts occupies about 8.3% of total 
area of NCT Delhi and about 23% of persons reside in East Delhi. The 
district is underlain by Newer alluvium consisting of predominantly sand 
mixed with gravel and little amount of silt ana clay upto a depth of about 
30-40 meters followed by older alluvium. Depth to fresh/saline water 
interface in this area is about 40 to 45 m bgl. Depth to ground water 
levels in this area varies from 5 to 8 m bgl. Presently shallower ground 
water level areas are found in the vicinity of river Yamuna and also in 
scarcely inhabitated areas. Electrical conductivity of ground water in 
shallow aquifers varies from less than 750 microsiemens/ cm to more 
than 3000 microsiemens/cm. In general the ground water in shallow 
aquifers in the vicinity of river Yamuna has lower salinity and it increases 
towards west reaching to its maximum in the vicinity of Gazipur landfill 
site. 
It is proposed to develop the fresh ground water resources present 
in the areas where ground water levels are shallow about 3 to 5 m bgl. In 
these areas, it is recommended to construct tubewells of depth varying 
between 40 to 45 m. These tubewells will yield about 1000 to 1500 1pm 
of water and can be pumped for 12 to 16 hours a day. Development of 
ground water resources of East Delhi shall be coupled with effective 
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promotion of recharging to ground water and water conservation 
techniques. About 35 Sq.km areas have been identified in East and North 
East districts where water levels are shallow to construct the tubewells. 
About 40 tubewells are recommended in these two areas which can yield 
10 MGD of water. These tubewells shall be developed with a caution of 
promoting the rain water harvesting to recharge the ground water 
aquifers. 
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CHAPTER V 
HYDROLOGICAL SETUP 
The growing population has put the water supply system under 
great stress. Delhi water supply has put the current treatment capacity of 
900 MGD and it is supplying water at the rate of 23 Ipd, against present 
requirement of water about 800 MGD for all uses. The Delhi region is 
the part of the Indo-Gangetic alluvial plains at an elevation varying from 
198 to 220 m above m.s.l. transacted by quartzite (Fig 5.1). 
The hydrogeological setting of Delhi comprises a basement of 
Alwar quartzites of Delhi system, overlain with quaternary alluvium 
constituent units of later being clay, sand, silt and kankar. The Delhi ridge 
forms a water divide, the aquifer, west of ridge comprises predominantly 
clay and kankar formation, while those towards east of the ridge are 
sandy. The thickness of alluvium varies from 30-120 meters in the west 
water table east of the ridge slope towards Yamuna River and west of it 
towards Najafgarh jheel. Water levels are deeper in the vicinity of the 
ridge, and lies within four meters of the land surface. 
In the area lying to the west of Delhi ridge, tube wells constructed 
to a depth of 110 meters, tap kankar mixed with clay. Tube wells 
constructed within the same depth in the western and eastern part of the 
area tapping sandy horizons, yield 54,000 to 90,000 lph drawdown of 6 to 
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Fig. 5.1 Fence diagram showing aquifer system in Delhi 
18 meters. Yamuna River in Delhi area is affluent, whereas eastern and 
western canal are influent. 
The groundwater availability in the territory is controlled by the 
hydrogeological situation characterized by occurrence of alluvial 
formation and quartzite hard rocks. The NCT Delhi can be divided into 
following distinct hydrogeological units: 
Newer Alluvium - Yamuna flood plain deposits. 
Older Alluvium - Eastern and western sides of the ridge 
Older Alluvium - Isolated and nearly closed Chattarpur alluvial basin 
Quartzitic Formation- NNE-SSW trending Quartzitic Ridge 
5.1 ALLUVIAL DEPOSITS 
The alluvial deposits are of Quarternary age and divided into: 
5.1.1 Newer alluvium 
It is being to recent age and refers to the sediments deposited in the 
flood plains of Yamuna River. These sediments range in texture from 
clay/silt mixed with tiny mica flakes to medium/coarse sand and gravel. 
Newer alluvium, in general, is characterized by absence of kankar. Newer 
alluvium deposits are extended all along Yamuna flood plain area (Table 
5.1). 
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Table 5.1: THE NATURE OF ROCK FORMATIONS IN DELHI 
Quaternary 
Pre-cambrian 
Newer Alluvium 
Older Alluvium 
Alwar Quartzite 
Unconsolidated, interbedded lenses of sands, 
silt gravel and clay in narrow flood plains of 
Yamuna river. 
Unconsolidated, interbedded, inter- fingering 
deposits sand, clay and kankar. Moderately 
sorted. Thickness variable at places more than 
300 meters. 
Well stratified, thick bedded brown to buff 
colour, hard and compact intruded locally by 
pegmatite and quartz veins interbedded with 
mica schists. 
5.1.2 Older alluvium 
These are the sediments deposited as a result of past cycles of 
sedimentation of Pleistocene age and occur extensively in the alluvial 
plains of the territory. This is comprised of inter bedded, lenticular and 
inter-fingering deposits of clay, silt and sand ranging in size from very 
fine to very coarse with occasional gravels. The kankar or secondary 
carbonates of lime occur with clay/silt deposits and sometimes as 
hard/compact pans. Older alluvium is predominantly clayey in nature in 
major parts of territory except the nearly closed alluvial basin of 
Chattarpur where the alluvial formation is derived from the weathered 
quartzite rocks. 
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5.2 HARD ROCK FORMATION 
The Alwar quartzite of Delhi system exposed in the area belongs to 
Pre-Cambrian age. The quartzites are pinkish to grey in colour, hard, 
compact, highly jointed/fractured and weathered. These occur with 
interbeds of mica-schists and are intruded locally by pegmatites and 
quartz veins. The strike of these rocks varies northeast southwest to 
north-northeast south-southwest with steep dips towards southeast and 
east except for some local variations due to folding. The prominent joint 
sets are strike joints, bedding joints and dip joints. Quartzites are 
ferruginous and gritty types on weathering and subsequent disintegration 
give rise to coarse sand (Badarpur sands). Chemical weathering of deeper 
horizons is also common (Table 5.1). 
The groundwater occurs in all the formation within the area, in 
alluvium and sands the groundwater occurs in the interstices if the 
constituents grains lying within the zone of saturation. In the quartzites 
the groundwater occurs in the joints which lie within the zone of 
saturation. 
The zone of saturation in the alluvium and sand dunes is 
contiguous with that in the Quartzites. Groundwater in the area occurs 
under water table conditions. The deposits are lenticular and no persistent 
impermeable aquicludes has come to tight. Locally sub artesian 
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conditions are lively in wells tapping deeper horizons due to presence of 
lenticular clay bed and also variation in the permeability of sand bed 
vertically. 
5.3 OCCURRENCE OF GROUNDWATER 
The NCT of Delhi, deposits its limited areal extend has a 
diversified geological and topographic set up giving rise to divergent 
groundwater situation in different parts. The prevalent rock formation 
ranging in age from pre-Cambrian to Recent which control occurrence 
and movement of water, are widely varied in composition and structures. 
The inherent inhomogeneity and low occurrence and movement of 
groundwater, the characteristics and potential of groundwater reservoir, 
groundwater movement and occurrence show a distinct variation even in 
the alluvial aquifers due to their manner of deposition. The groundwater 
occurs under phreatic condition in the shallow aquifer zone whereas 
semi-confined to confined conditions of groundwater are quite common 
deep aquifers. 
5.4 AQUIFER CHARACTERISTICS IN DIFFERENT LOCATIONS 
OF DELHI 
The groundwater surveys and exploratory drillings undertaken in the 
territory in alluvial as well as quartzitic formation have brought out the 
potentials and characteristics of the aquifer system in these formations. 
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These include 59 wells in alluvial formation and 25 wells in quartzites. In 
the alluvial formations, out of the 59 wells drilled, 22 are exploratory test 
wells, 7 bore hole and 19 piezometers, 11 wells have been abandoned due 
to non availability of potential aquifers and bad quality of groundwater. 
Quartzitic terrain of the 25 wells, are piezometers and rest are exploratory 
test wells (Table 5.2). 
5.4.1 Area between ridge and Yamuna River 
In city block between the ridge and the river Yamuna, 30 to 100 m 
deep tube wells yield 18 m3/hr (4000 gallons/hr to 45 nrVhr (10,000 
gallons/hr) for 6-12 m drawdowns. In Delhi cantt area west of.the ridge, 
60 to 100 m deep tube wells give similar yields. 
5.4.2 Yamuna Hood plains 
In the flood plains of Yamuna covering parts of city, Alipur, 
Shahadara and Mehrauli blocks, 30 to 50 m deep tube wells yield 36 
m3/hr (8000 gallons/hr) to 135 m3/hr (30000 gallons/hr) for 2.5 to 15 m of 
drawdowns (Fig 5.2). 
5.4.3 Chattarpur basin 
In Mehrauli block, 60 to 115 m deep tube wells located in 
Chattarpur basin yield 45 m3/hr (10000 gallons/hr) to 90 m3/hr (20000 
gallons/hr) for 6 to 12 m drawdown. In the remaining part of Mehrauli 
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block, 50 to 100 m deep tube wells yield 18 m3/hr (4000 gallons/hr) to 45 
m3/hr (10000 gallons/hr) for 13 to 20 m of drawdown. 
5.4.4 Western alluvial plain 
In Mehrauli block and in city 70 to 150 m deep tube wells yield 2.2 
m3/hr (900 gallons/hr) 25 m3/hr (5000 gallons/hr) for 5 to 30 m of 
drawdown. 
Table 5.2: THE AQUIFER CHARACTERISTICS IN DIFFERENT 
GEOLOGICAL FORMATIONS IN DELHI 
Nature of Depth (mbgl) Well discharge Drawdown Transmissivity 
formation m3/hr (m) m2/day 
1 2 3 4 6 
Newer 40-50 150-300 5.0-8 1300-2000 
Alluvium 
Older 30-115 18-135 2.0-24 130-403 
Alluvium 
Quartzites 50 to 150 2 to 18 1.5 to 30 5 to 135 
(500 to 4000) 
5.5 HYDROGEOLOGY OF FLOOD PLAIN OF RIVER 
YAMUNA 
Yamuna active plain aquifer of NCT, Delhi occupies an area of 97 
sq. km area stretches about 35 km along river Yamuna. The curved length 
of river Yamuna in Delhi is about 50 km with flood plains having width 
of 1.5 to 5 km the total area of active flood plain including river bed is 
about 97 sq. km, out of which about 16.5 sq. km. is under water and the 
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remaining 80.5 sq. km is water logged or has very shallow water table 
(Fig 5.2). 
The older geological formation existing in Yamuna flood plain is 
Alwar Quartzite, Delhi super group. The Quartzites are overlain by older 
alluvium of Pliestocene age which turn is overlain by the newer alluvium 
of recent age. The newer alluvium (Yamuna sands) predominantly silty 
sand mixed with clay and gravel. Though the newer alluvium 
predominantly sand, which is generally, grey coloured and occur in the 
size range of fine to medium grained, at micro-level it can be divided into 
different horizons based on grain size variations. Top of the newer 
alluvium consists of silt mixed with clay followed by silty sand of fine to 
medium grained. Thickness of this horizon varies from 4 to 30 m sand 
mixed with gravel dominates below this horizon which acts as a very 
good aquifer system especially in Palla well field area. Total thickness of 
newer alluvium varies between 45 to 55 m. The flood plain area has been 
categorized as follows. 
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5.5.1 Active flood plains: 
This covers the area along the active river bed which gets flooded 
during the monsoon period. It is underlain by coarser sediments 
comprising of sand gravel and pebbles. The infiltration rate of water in 
the area is very high. The aquifers present in this area have very high 
transmissivity. 
5.5.2 Flood prone areas 
These areas occurring on both sides of the river are characterized 
by lower elevation and get inundated during heavy rains. These are 
underlain by finer sediments comprising of fine sand, silt and clay. 
Palaeochannels and meander belts located in these areas are suitable for 
groundwater development and subsequent recharge from flood. 
5.5.3 Area under vegetation 
This includes both natural vegetation and gardens/parks laid in 
planned manner on both sides of river. 
5 6 GROUNDWATER SITUATION 
The NCT of Delhi, despite its limited areal extent had diversified 
geological and topographic set up giving rise to divergent groundwater 
situation in different parts. The prevalent rock formations are widely 
varied in composition and structure ranging in age from pre-Cambrian to 
recent, which control occurrence and movement of groundwater. The 
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variations of land forms like ridge areas, traversing across the territory, 
the alluvial plain of the western Delhi, closed Chattarpur basins and flood 
plain of river Yamuna are quite significant to control the occurrence and 
movement of groundwater. The relatively high relief areas of the Delhi 
ridge with steeper topographic slopes and characteristic quartzite 
formation offer high runoff and less scope for rain water infiltration. The 
groundwater occurs in weathered and fractured and jointed parts of these 
rocks. The shallow aquifers mainly consist of weathered residue, whereas 
the joints and fractures constitute deeper aquifers. 
The alluvial tract occupying large parts constitute the potential of 
groundwater reservoir, groundwater movement and occurrence show 
distinct variation even in the alluvial aquifers due to their manner of 
deposition. The groundwater flow direction in NCT, Delhi is shown (Fig 
5.3). The aquifers in western alluvial planes of the territory are distinct 
from the aquifer of Chattarpur basin and those occurring in Yamuna flood 
plains. The hydrological parameters and the potential of these aquifers are 
varied. The variation of quality of groundwater in space as well as depth 
adds another dimension to the complex groundwater situation in the 
NCT, Delhi. 
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Fig. 5.3 Groundwater f low direct ion in Delhi 
The presence of saline water aquifer at shallow depth varying from 
20 m to 50 m below ground level in many parts, presents a typical 
groundwater condition. 
The groundwater occurs under phreatic confined conditions in 
shallow aquifer zone whereas semi-confined to confined conditions of 
groundwater are quite common in deep aquifers. 
In the Yamuna flood plains and Chattarpur basins, the shallow fresh 
water aquifer available within depth range of 40-50 m, behave or act as 
single unconfmed aquifer system. In the western part of Delhi i.e. 
Khanjhawala and Najafgarh block semi confined and confined aquifer 
occurs at depth. 
5.7 DEPTH TO WATER LEVEL 
One of the most important and common measurements in 
groundwater investigations is the determination of the depth to 
groundwater. In an unconfmed aquifer, the water level in the upper 
surface of the zone of saturation where the pressure is atmospheric. Water 
level can be defined as the level at which water stands in wells 
penetrating the aquifer. However, the water level standing in dugwells are 
considered accurate enough to represent water level of an area. In existing 
dugwells in an area water level data are needed to define groundwater 
flow directions, regional variation in water levels over time and effects of 
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pumping tests. 
Water level data of 106 wells were used over a period of two years, 
53 wells were observed in 2006 and 53 wells in 2007. During each year 
the readings were taken twice, one in pre monsoon (June) and one in post 
monsoon (Nov). The wells were fairly evenly spaced, at a distance of 
approximately 5 kms. The water level data thus collected were utilized to 
prepare the depth to water level graphs of the study area. 
On the basis of water level data collected from one hundred six 
observation wells scattered in the study area, during June and November, 
2006 (Appendix V-A) and June and November 2007 (Appendix V-B), 
depth to water level graphs of pre-monsoon and post-monsoon periods 
(Figs.5.4and 5.5) have been prepared. 
5.7.1 Depth to water level (Pre-monsoon, 2006,2007) 
A perusal of the depth to water level graph of pre-monsoon, 2006 
(Fig. 5.4, Appendix V-A) reveals that the depth to water level in the area 
ranges between 1.2 m to 59.9 m below the ground level. Shallow depths 
to water level have been recorded Raj ghat. Deep water levels occurred in 
pockets at tughlaqabad. 
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Table 5.3: DIFFERENT RANGES OF WATER LEVEL DEPTH (PRE-
MONSOON 2006-2007) 
Years No. of Wells Depth to Water level range (mbgl) 
0-4 4-8 8-12 >12 
2006 53 6 8 5 34 
2007 
53 
(11.32%) (15.09%) (9.43%) (64.15%) 
17 17 7 12 
(32.07%) (32.07%) (13.20%) (22.64%) 
Table 5.4: DIFFERENT RANGES OF WATER LEVEL DEPTH (POST-
MONSOON, 2006-2007) 
Years No. of Wells Depth to Water level range (mbgl) 
2006 53 
0-4 4-8 8-12 >12 
7 9 5 32 
(13.20%) (16.98%) (9.43%) (60.37%) 
2007 53 23 12 7 11 
(43.39%) (22.64%) (13.20%) (20.75%) 
During June, pre-monsoon 2007 (Fig 5.5, V-B) the water level 
varied between 1.54 m to 21.57 m below ground level. The maximum 
depth to water level was observed at Shanti path and minimum at 
Libaspur. The deep water level occurring in patches may be attributed to 
excessive withdrawal for industrial, domestic and agricultural needs. 
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It is observed from Table 5.3, that during pre-monsoon 2006 
period, 64.15% of well shows the depth to water level more than 12 m 
below ground level, 9.43% of well shows the water level depth between 8 
and 12 mbgl and 15.09% wells shows the water level depth of 4 to 8 mbgl 
and 11.32%o wells are reported to have water level depth of 0 m to 4 mbgl 
In pre-monsoon 2007, 22.64% of wells show depth to water level 
more than 12 m mbgl, 13.20% wells show the depth to water level 
ranging from 8 to 12 mbgl.32.07% are in between 4 m to 8 m, and 
32.07% wells are reported to have water level depth of 0 to 4 mbgl (Table 
5.3). 
5.7.2 Depth to Water Level (Post-monsoon, 2006,2007) 
Depth to water level during post-monsoon period varied from 1.09 
to 58.37 m below ground level in post-monsoon 2006 (Fig 5.4,V-A) and 
from 0.7 to 22.73 mbgl in post-monsoon 2007 (Fig 5.5, Appendix V-B) 
show the depth to water level in post-monsoon period during 2006 and 
2007 respectively. The shallowest water level depth 1.09 mbgl during 
November 2006 was recorded at Raj ghat and shallowest water level depth 
0.7 during November 2007 was recorded at Khanjawala and the deepest 
58.37 mbglin november2006 was recorded at Lado Sarai and 22.73 mbgl 
in November was recorded at Shanti Path. 
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It is observed from Table 5.4 that during post-monsoon 2006 period, 
60.37% of well shows the depth to water level more than 12 m below 
ground level, 9.43% of well shows the water level depth between 8 and 
12 mbgl and 16.98% wells shows the water level depth of 4 to 8 mbgl and 
13.20% wells are reported to have water level depth of 0 m to 4 mbgl 
In post-monsoon 2007 (Table 5.4), 20.75% of wells show depth to 
water level more than 12 m mbgl, 13.20% wells show the depth to water 
level ranging from 8 to 12 mbgl.22.64% are in between 4 m to 8 m, and 
43.39%) wells are reported to have water level depth of 0 to 4 mbgl. 
5.8 WATER LEVEL FLUCTUATION 
Water level in an area fluctuates in response to recharge and 
discharge from the aquifer system. Recharge takes place mainly due to 
precipitation as well as due to irrigation return flow. Excessive 
withdrawal of water from aquifer for domestic, industrial and irrigational 
needs and evapotranspiration is responsible for water level fluctuation. 
Fluctuations in water levels indicate both changes in the actual quantity 
of water stored in aquifers and movement of groundwater. The amount of 
water taken from or added to storage per unit change in water levels in 
unconfined aquifers is many times larger than in confined aquifer. 
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Water Level Fluctuation During 2006 
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 
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Fig 5.6 water level fluctuation in 2006 
Water Level Fluctuation During 2006 
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Fig 5.7 water level fluctuation in 2007 
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Based on water level depth data collected during pre and post-
monsoon period for two years (2006 and 2007), water level graphs 
indicating different fluctuation zones (Fig. 5.4 and 5.5, Appendix V-A, 
and V-B) have been prepared in order to depict the areas showing similar 
magnitude of water level fluctuation. It is observed that the quantum of 
seasonal fluctuation in the water level varies from place to place. In the 
present study seasonal fluctuation in water level varies from -3.63 to 9.66 
m in 2006 and from -3.19 to 2.49 m in 2007. Number of wells failing in 
different ranges of water level fluctuation and their percentage has been 
summarized in Table 5.5. It is evident from the table that in major parts of 
the area the water level fluctuation ranged between 0.6 to 0.8 m and more 
than 8 m. 
During 2006 13.20% of the wells are found to have water level 
fluctuation between 0.4 to 0.6 m, 49.05% of wells are recorded having 
water level fluctuation between 0 to 0.4, 9.43% of the wells are found to 
have water level fluctuation between 0.6 to 0.8 and 28.30% wells are 
recorded having a water level fluctuation of more than 0.8 mbgl (Table 
5.5). 
Only 11.32 % of the wells are found to have water level fluctuation 
between 0.4 to 0.6 m, 52.83% of wells are recorded having water level 
fluctuation between 0 to 0.4, 9.43% of the wells are found to have water 
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level fluctuation between 0.6 to 0.8 and 26.41% wells are recorded 
having a water level fluctuation of more than 0.8 mbgl in 2007 (Table 
5.5). 
The variation in fluctuation in areas close to canal and river is 
probably due to the constant recharge of the aquifer through seepage 
resulting in the rise of water level. 
Table 5.5: DIFFERENT RANGES OF WATER LEVEL FLUCTUATION 
(2006-2007.) 
Years No of Wells Depth to Water level range (mbgl) 
0.4-0.6 0.6-0.8 >0.8 
7 5 15 
(13.20%) (9.43%) (28.30%) 
6 5 14 
(11.32%) (9.43%) (26.41%) 
The little change in the fluctuation is attributed to the scanty and 
sporadic rainfall during 2006 monsoon or due to the predominance of low 
permeability horizon. The study further shows the upland area shows 
greater water level fluctuation then low land areas. 
From the above discussion it would be apparent that the high 
fluctuation areas are also the areas of high relief with minor local 
variation at places. As revealed from the ground water movement that 
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2006 53 
2007 53 
0-0.4 
26 
(49.05%) 
28 
(52.83%) 
these upland tracks are the groundwater recharge areas from where the 
groundwater moves towards Yamuna River or down to the regional 
gradient in its respective direction. 
5.9 SUBSURFACE CONFIGURATION AND AQUIFER 
DISPOSITION 
5.9.1 Central District 
Central district of NCT, Delhi is located in hard rock terrain of 
Delhi quartzite at one end while alluvium underlain by Delhi quartzite at 
another end. The other pars of the area, is occupied by unconsolidated 
Quaternary alluvium underlain by Pre-Cambrian metasediments of Delhi 
system. Quaternary alluvium is comprised of fine sand, silt, clay along 
with the occurrence of kankars. The sub surface geology in central Delhi 
comprises of top soil which is silty clay with brick pieces mortar and 
sand, sand which is medium grained, sub-angular to sub rounded, gray in 
color, composed of quartz grains and mica flakes which occurs as 
massive as well as fractured, composed of quartz grains and mica flakes 
which occurs as massive as well as fractured, with calcareous matters and 
mica schist, alternate bands of light grayish to whitish in color. The 
aquifer system consists of sand which is fine to medium grained, 
yellowish in colour, kankars medium to high grade. The depth to water 
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Fig. 5.8 Subsurface geological section of Central & New Delhi districts 
level varies from 2 m to 7 m. The quality of water down to 31.00 m bgl is 
found to be fresh (Fig 5.8) 
5.9.2 East District 
East district is located east of Yamuna River and bordering to 
Ghaziabad and Noida of Uttar Pradesh. It covers 64 sq. Ian. of area. East 
district of NCT, Delhi is a domain lying in between two rivers i.e. 
Yamuna in the west to Hindon in the east (6 km eastward from the Delhi 
border). 
The sub-surface material along Yamuna flood plain and along 
eastern border shows thick fine sand and sandy silt strata at shallower 
depth i.e. up to 60 mbgl. The deeper zones beyond 60 m depth are 
characterized by fine material and lacking in granular zone. The basement 
rock condition in East district area is moderately uneven with gentle slope 
towards east. L: is unlike from western flank of NCT, Delhi. Even at 
Ghazipur, Kalyanpuri and Mayur Vihar a mond like basement rock 
prevails with the depth range of 54 to 79 mbgl. The basement rock 
underlying Yamuna flood plain in East Delhi District is ranging in depth 
from 28 to 204 mbgl. Especially around Akhsar Dham temple it ranges 
from 88 to 120 mbgl (Fig 5.9). 
The depth to water level in this district is 5 to 8 mbgl and the 
discharge of tube well in flood plain is in the range of 600 to 1800 LPM 
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Fig. 5.9 Subsurface geological section of East distr ict of Delhi 
and in the rest of the area it is 300 to 900 LPM with a drawdown of 6 to 
13 m. 
The fresh saline water interface in Yamuna flood plain is ranging 
from 32 to 50 m whereas in rest of the area it is ranging from 25 to 38 m 
5.9.3 New Delhi District 
New Delhi district of NCT, Delhi is located centrally in the state 
with varied surface altitude due to Delhi Ridge. Nearly 10 sq. km area 
falls within ridge area with altitude ranging from 225 to 255 m. Above 
Mean Sea Level. The surface is sloping gradually towards east up to the 
Yamuna river course where altitude is 210 m AMSL. The total area of 
New Delhi district is 35 sq km. The sub-surface configuration of New 
Delhi, adjoining to Delhi ridge is characterized by marginal alluvium 
where 0 to 30 m thick alluvium overlain on weathered and fractured 
quartzite rocks (Delhi Ridge). The alluvium consists of clay, silt and fine 
to medium sand (Fig 5.10). A substantial amount of kankar is also mixed 
with the clayey-silt below 20 m depth. This is the main aquifer material 
found in these areas. Sandy-silt strata behave as favourable aquifer zone 
in order to get a substantial discharge. The western part of New Delhi 
district covering areas of Rashtrapati Bhavan, Chanakyapuri, Shantipath, 
South and North Avenue and Connaught Place tube wells are tapping 
both prevailing formation i.e. alluvium as well as hard rock whereas in 
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the eastern part tube wells tapping of alluvium are giving yield of 200 to 
500 LPM. Groundwater potential in this formation is relatively high i.e. 
ranging from 500 to 1600 LPM (Fig 5.8). 
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Fig 5.10: Subsurface geological cross section of New Delhi 
Groundwater in the area occurs both under water table as well as 
under semi-confined conditions in alluvium. The depth to water level in 
the district ranges from 5 to 25 m below ground level and the wide 
variation occurs due to wide range of topographic relief. The Yamuna 
flood plain area depth to water level ranges 5 to 8 m bgl whereas in the 
Delhi ridge areas it varies from 10 to 25 mbgl. The tube wells usually tap 
kankar zone admixed with clayey-silt and sandy-silt aquifer zone. These 
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aquifer zones are generally encountered alternatively below the depth of 
20 mbgl and onward up to the basement rock. 
5.9.4 North East District 
North-East district is located east of Yamuna River and bordering 
to Ghaziabad district in the east and Meerut district in the north of Uttar 
Pradesh. It covers 60 sq. km of area. 
The sub-surface material along Yamuna flood plain and along 
eastern border shows thick fine sand and sandy silt strata at shallower 
depth i.e. up to 60 m bgl. The deeper zones beyond 60 m depth are 
characterized by fine material and lacking in granular zone. Basement 
rock condition along the Yamuna Flood Plain in this district is shallower 
because Delhi central ridge which is running NNE to SSW diminishes at 
Wazirabad Barrage and protrudes further in the same direction result to 
shallower depth of basement condition in sub-surface - horizon. In this 
district the depth is ranging from 54 mb^l (Mandoli) to 67 m bgl 
(Usmanpur). 
The depth to water level in this district is 5 to 8 m bgl and the 
discharge of tube well in flood plain is in the range of 600 to 1800 LPM 
and in the rest of the area it is 300 to 900 LPM with a drawdown of 6 to 
13 m. 
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The depth of fresh-saline water interface in Yamuna flood plain is 
ranging from 32 to 50 mbgl where as in rest of the area it is ranging from 
25 to 38 m bgl. 
5.9.5 North West District 
The North West district of NCT, Delhi covers 440 sq. km area and 
is characterized by unconsolidated Quaternary alluvium deposits. Thick 
pile of alluvium over the basement rock possesses various natures of 
. sediment strata in an alternate fashion of geological setting. Nearly fine to 
medium and silt grade of sediment are frequent up to the depth of 50 m 
along with buff colored clayey bed admixed with Coarse kankars. On the 
other hand after the depth of 50 m, silty-clay and clay (Light yellow) beds 
with kankars increases with depth (Fig 5.11). 
Depth to water level is shallow i.e. 2 to 8 m bgl major parts of the 
district but in the northern border in Narela area depth to water level is 6 
to 12 mbgl. 
The line of fresh-saline water interface also varies greatly in entire 
area. All along the western Yamuna Canal and along Yamuna Flood Plain 
it is deeper which is 40 to 70 m deep, whereas in rest of the area it is 22 to 
40 m. It was also observed from the exploratory wells that salinity of 
water increases with depth and there is no fresh water aquifer at deeper 
depth. 
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5.9.6 South District 
The South district of NCT, Delhi covers 250 sq. km. of area in 
which 45.2 sq. km. area shows mountainous undulating terrain exposed 
with Delhi quartzite. The district is also characterized by a saucer shaped 
vast alluvium field in the central part of the district popularly known as 
Chattarpur Basin. This is valley fill deposit and the alluvium thickness 
varies from 0 to 140 mbgl (Satbari village) below which quartzitic 
basement rock prevails. Some of the villages like Chattarpur, Gadaipur, 
Mandi, Ghitorni, Ayanagar, Fatehpur Beri and Satbari fall within this vast 
alluvium tract. The overburden is composed of unconsolidated clay, silt, 
sand and varying proportions of Kankars(Fig 5.8). In the deep basin area, 
depth zone of 38 m to 55 m is characterized as prominent gravel zone 
admixed with silt and fine sand followed by clayey-silt and fine sand with 
occasional kankar nodules. At some places viz. Aya Nagar and Fatehpur 
Beri near to the basement rock, lenses of sticky yellowish clay is also 
encountered (Fig. 5.12). The area across southern Delhi Ridge namely 
Hauz Khas, Saket, Khanpur, Pushpavihar, Lai Kuan and Saritavihar are 
characterized marginal alluvium deposits where depth of overburden 
ranges from 60 to 94 m. below this quartzitic basement rock occurs. 
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The bore hole constructed in quartzitic body (Jaunpur, Asola mandi 
Tughlakabad) reveals that moderately fractured zones are prevalent in the 
depth of 30 to 90 m and the fractures gradually decreases as depth 
increases. The weathered zone is found at every place above hard rock 
but thickness of weathered zone varies from place to place. 
The depth to water level varies widely in this district and is ranging 
from 8 to 65 m. In the eastern tract of the district in Yamuna Flood Plain, 
depth to water level varies from 8 to 22 m bgl but in rest of the area it 
ranges from 30 to 65 m bgl. The depth of fresh / saline water interface 
varies from 75 to 100 m. The thickness of the fresh water zone varies 
from 30 to 85 m. 
5.9.7 South West District 
The South West district of NCT, Delhi covers 420 sq. km. area and 
is characterized by unconsolidated Quaternary alluvium deposits. Only 18 
sq. Ion. area is covered by denudation hills especially in the eastern part 
of the district. Groundwater exploration has been carried upto 302 m 
depth. The bed rock has been encountered at many places i.e. in Dhansa 
(297 m), Pindwalakala (300 m), Toghanpur (298 m) and Jhuljhli (251 m). 
Nearly fine to medium and silt grade sediments occur frequently up to the 
depth of 50 m along with buff colored clayey bed admixed with coarse 
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kankars. On the other hand after the depth of 50 m, silty-clay and clay 
(Light yellow) beds with kankars increases with depth. 
Depth to water level in major part of the district ranges from 5 to 23 
m bgl but in the eastern part of the district in Delhi ridge area depth to 
water level ranges from 22 to 50 m bgl. 
The line of fresh-saline water interface also varies greatly in entire 
area. All along the Najafgarh drain and two depressions viz. Gumanhera 
vill. & Pindwalan Kalan possess somewhat deep fresh water layer i.e. up 
to 35 m bgl. In the eastern part characterized by hard rock the fresh-saline 
water interface rests at deeper depth i.e. around 80 to 90 m bgl (Fig. 
5.13). 
129 
KABUL LINE KIRBI PLACE
 N | C H L S O N „„<-,, 
INDEX 
C3 
2 3 
SAND 
CLAY 
SILT 
KANKAR 
MICA SCHIST 
FRACTURES ( HIGHLY WESTHERED QUARTZ1TE 
QUATZITE 
KAR JHAROOA KALAN PAPPAHKALAN SICKHAMATILK PALAM ROAD JHUDAM-1 R K PURAM 
CLAY 
SAND 
SILT 
KANKAR 
FRACTURED I HIGHLYWEATHEREO 
QUARTZITE 
; 7: QUARTZITE (SLIGHTLY TO MODERATELY 
FRACTURED ALONG WTTH BANDS OF 
MICA SCHIST 
_ ; . MICA SCHIST 
Fig. 5.13 Geological Cross section of South West in Delhi 
5.9.8 West District 
West district is occupied by unconsolidated Quaternary alluvium 
underlain by Precambrian meta-sediments of Delhi System. Quaternary 
alluvium comprises of sand, clay, silt, gravels/pebbles, and kankars. The 
aquifer system include sand fine to coarse grained admixed with kankars 
with little amount of clay and silt. Clay is sticky and plastic in nature, 
light grayish in color, admixed with a little sand and kankars, fine to 
medium grained. The depth of water level varies in the district from 2 m 
to 15 m. The depth of fresh saline interface also varies from 25 to 50 m at 
different places. The depth of fresh water zone varies from 10 to 45 m 
(Fig. 5.14). 
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CHAPTER VI 
GROUNDWATER RESOURCES, DEVELOPMENT AND 
MANAGEMENT 
6.1 GROUNDWATER RESOURCES ESTIMATION 
Groundwater is an important resource for meeting the water 
requirement for irrigation, domestic and industrial uses. Groundwater is 
annually replenishable resource but its availability is non uniform in 
space and time. Hence the sustainable development of groundwater 
resources warranty precise quantitative assessment based on reasonably 
valid scientific principles. The national water policy has laid emphases on 
the periodic assessment of groundwater resources on scientific bases. 
The policy also reiterates that the exploitable quantity of water should be 
limited to the amount, which is being recharged annually, more correctly 
known as dynamic groundwater resource. Technically, the dynamic 
groundwater refers to the quantity of groundwater available in the zone of 
water level fluctuation, which is a time recharge zone and replenished 
annually. In addition to dynamic groundwater resource, there exists a 
huge groundwater reservoir in the deeper zones below the active recharge 
zone and in the confined aquifers in areas covered by alluvial sediments 
of river basins, coastal and deltaic tracts constituting the unconsolidated 
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formations. As 55 % of water demand for agriculture and irrigation is 
fulfilled from groundwater, the development of shallow aquifers plays an 
important part for sustainability of tube wells. Thus, correct assessment of 
Dynamic groundwater resources become significant for planned 
agricultural growth. 
The annual replenishable groundwater resources for the entire 
country is 433 billion cubic meter (bcm). The groundwater assessed in the 
dynamic resource which is replenished each year. The annual 
replenishable groundwater resources is contributed by two major sources 
rainfall and other sources that include canal seepage, return flow from 
irrigation seepage from water bodies and artificial recharge due to water 
conservation structures. The overall contribution of rainfall to country's 
annual replenishable groundwater resources is 67 % and the share of 
other sources taken together is 33% (Fig 6.1). 
6.2 GROUNDWATER RESOURCES ASSESSMENT IN DELHI 
Delhi region is a part of Indo-Gangetic plains; geologically the 
Delhi state is occupied by quartzite of Delhi system and alluvial deposits 
classified into older and newer alluvium. Tin the flood plains of Yamuna, 
in general, fresh water aquifers exist, down to 30-45 m the phreatic 
aquifer is mainly exploited through shallow tubewells. 
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The yield of the wells in alluvial areas from 2 to 5 lps. Annual 
replenishable groundwater resource of the state has been estimated as 
0.30 been and net annual groundwater availability is 0.28 bcm. The 
annual ground draft is 0.48 bcm and stage of groundwater development is 
170 %. Out of 9 assessment districts, 7 have been categorized as over 
exploited and 2 as safe. The deeper aquifer explored through bore wells, 
in the quartzite areas recorded yield of 1-5 lps. The wells tapping deeper 
aquifers in older alluvium yield from 2-10 lps. 
The estimated water availability from, surface water sources viz. 
Yamuna, Ganga, Bhakara system is 1150.2 mcm.of the total 724 mem. In 
Yamuna River (NCT,. Delhi share) the flood water is about 580 mem, of 
which 50 % could not being utilized but flows out of Delhi. The total 
ground water available in the territory is 291.54 mem/yr. Presently the 
groundwater is about 47,500 hectares, while the quantity of groundwater 
withdrawn for other uses is difficult to assess. 
A substantial quantity of groundwater is being withdrawn by 
private, homes, hotels, hospitals etc. a rough estimated indicates that 
about 142 mem withdrawal of groundwater is for drinking and industrial 
uses, while about 110 mem for irrigation purposes (Table 6.2). 
The complex situations of groundwater occurrences in different 
rock formations, presence of saline groundwater at varying depth in the 
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aquifers and growing urbanization is influencing availability of 
groundwater in different parts of NCT, Delhi out of total area of 1485 sq. 
km. about 263 sq. km. is not considered feasible for ground water 
development; either due to presence of saline groundwater (EC more than 
4000 micromhos/cm at 25°C). The gullies gully areas Occupied by hard 
rock formation. Another important component which is influencing the 
groundwater recharge in Delhi especially the city block and adjacent 
habitations is the continuous urbanization resulting in reduction of 
recharge area. Construction of buildings, roads, cemented pavements and 
floors in different locations is likely to reduce the total recharge and may 
result in additional runoff. Quantification of such a reduction in recharge 
to groundwater is necessary. It is observed that most of the blocks have 
been over developed. The excessive withdrawal of ground water is 
mainly in the block of city, Najafgarh, khanjhawala and Alipur blocks. 
There is however possibility of some development of ground water 
resources for domestic uses in Alipur, shahdara and city blocks (Table 
6.3). 
6.3 GROUNDWATER RESOURCES 
6.3.1 Fresh Groundwater Resources 
The groundwater resources for NCT, Delhi have been computed 
based on recommendation of ground. 
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Table-6.1: SUMMARY OF GROUNDWATER RESOURCES IN DELHI 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Districts 
Central 
East 
New Delhi 
North 
North East 
North West 
South 
South west 
West 
NCT Delhi 
Net 
Ground 
Water 
Availabilit 
y 
(Hec.m.) 
188 
605 
298 
736 
893 
8971 
3433 
9688 
3345 
28157 
Existing 
Gross 
Ground 
Water 
Draft for 
All uses 
(Hec.m.) 
165 
788 
509 
255 
1153 
12228 
8343 
20773 
3732 
47946 
Stage of 
Ground 
Water 
Developm 
ent (%) 
88 
130 
171 
35 
129 
136 
243 
214 
112 
170 
Pre 
monsoon 
(2003) 
5-10 years 
Long term 
trend cm/yr 
19.9 
29 
73 
2 
14 
23 
136 
127 
30 
Post 
monsoon 
(2003) 
5-10 years 
Long term 
trend cm/yr 
9 
9 
60 
15 
23 
38 
136 
129 
31 
Significant decline is 20cm/yr 
Category and Quality of 
Ground Water 
Safe 
(Potable at all depths) 
Over Exploited 
Potable upto 40-45 m 
underlain by brackish water 
Over exploited 
Hard rock areas in west and 
southern parts potable. In 
alluvium areas top 30-40 m 
potable underlain by 
brackish water 
Safe 
Generally potable at all 
depths. Pockets of brackish 
water in northern part. 
Over exploited 
Potable upto 40-45 m 
underlain by brackish water 
Over exploited 
Potable lens of 10-30 m 
underlain by brackish water 
Over exploited] 
Potable at all depths in Hard 
rock and Chatterpur basin 
Over exploited 
Potable lens of 10-30 m 
underlain by brackish water 
Over exploited 
Potable lens of 10-30 m 
underlain by brackish water 
The ground water development scenario in term of withdrawal for 
irrigation, domestic, industrial and other uses has continuously been 
changing and it is difficult to assess the share of there use from the 
common ground water reservoir. The irrigated area from ground water 
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source in course of time has drastically changed due to growing 
urbanization. The irrigation during 2005-2006 was 56378 ha, reduced to 
51742 ha. This reduction in ground water withdrawal for irrigation has 
been more than compensated by excessive withdrawal for domestic and 
industrial and other uses (Table 6.1). 
In the present estimation of ground water resources, no further 
provision for irrigation use has been kept but the balance has been 
accredited to domestic uses in addition to the present ground water 
withdrawal for irrigation, domestic, industrial and other uses. It is 
observed that most of the blocks of Najafgarh have been over-developed 
due to excessive withdrawal of groundwater. 
The Yamuna flood plain is the most potential resource of 
groundwater availabilities. The excessive ground water development in 
different blocks of NCT of Delhi has resulted in lowering of ground water 
level in the last few decades. The declining trend of water level is very 
prominent in Najafgarh and Mehraulli blocks. Presently the possibilities 
for utilizing ground water as an additional source to meet requirement of 
NCT, Delhi are limited. However, with proper management strategy 
utilizing artificial recharge through monsoon runoff or by the excessive 
groundwater development in Yamuna bed to induce more recharge, the 
ground water potential can be increased. 
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6.3.2 Saline Ground Water Resources 
The ground water quality of NCT is not uniform, besides the fresh 
groundwater areas aquifers, saline ground water aquifers with electrical 
conductivity more than 5000 fj.S/cm.25°C also occur in most part of the 
territory at varying depths. The saline ground v/ater aquifer in Alipur, 
.Khanjhawala and Najafgarh block consists of sands, clays, and kankars 
and belong to quaternary alluvial deposits. The depth of this formation is 
more than 300 m. in most of the part of the area. These aquifers are 
capable of yielding about 500-600 1pm. The precise assessment of saline 
water resources of the territory and its development potential has yet to be 
done. The fresh saline groundwater in NCT of Delhi exists in a delicate 
stage of equilibrium. The excessive ground water pumping in fresh 
groundwater areas has resulted in upconning of saline ground water in 
many areas rendering the groundwater saline and unusable and hence 
development of both fresh and saline ground water needs to be taken 
judiciously. 
The saline ground water however offers the possibility of its use 
for salt resistant scale. Possibility can also be explored to provide dual 
water supply system wherein brackish/saline ground water can be 
provided for toilets, washing and other purposes. 
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The potential of saline water aquifer can be developed for blending the 
saline ground water with fresh surface water in proportion that portability 
of blended water is maintained such an effort can substantially increase 
the total water availability of drinking water. 
6.4 Ground Water Recharge 
6.4.1 Ground Water Recharge through Rainfall 
The normal rainfall in national capital of Delhi varies from 337mm 
to 888mm as per the records available from the various meteorological 
observatories. Lowest rainfall is recoded in western part and highest 
rainfall in north and north east districts. Season has been estimated on the 
basis of the annual recharge. The annual recharge from the rainfall for 
NCT Delhi is 15042 ha, highest being in north-west and south west 
districts, and lowest in the Central and New Delhi districts. 
6.4.2 Ground Water Recharge through Canal Seepage 
The most important canal and drainage systems in Delhi are 
delineated as western and eastern canals of the Yamuna River along with 
Najafgarh drain. The South Delhi has been marked by a prominent 
Najafgarh drain; beside this several other drainage systems also exist in 
south west district. The North West is characterized by western Yamuna 
canal and Mundka drain, mungeshpur drain, najafgarh drain and 
budanpur drain. North district have parts of western Yamuna canal. The 
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annual recharge to the ground water from canal seepage is the highest in 
south district followed by west district and North West district. (Around 
1000 ha/m or more). In north, east, north. East and south Delhi, the 
annual recharge from canal seepage is within 50C ha m central and New 
Delhi do not have any prominent drainage system. Recharge from the 
canal seepage for entire Delhi has been calculated by using the seepage 
factors method is 6842 ha m. 
6.4.3 Recharge from Return Flow from Farm Houses 
Farm houses use ground water in heavy quantity; these are more 
prevalent in south west district followed by south districts. The ground 
water being recharged through return flow of ground water utilized in 
farm houses in NCT Delhi is 455 ha m. 
6.4.4 Recharge from Seepage from Water Bodies 
Water bodies occur predominantly in rural areas of North West and 
South West district followed by South districts. East and West district 
have lesser number of water bodies while rest of the districts which 
mostly fall in the city area has negligible number of water bodies. The 
annual recharge from water bodies in North West and South West 
districts are around 17 ha m. and 16 ha m. respectively. In South district 
annual recharge from water bodies is 8 ha m. respectively, While in East 
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and West districts it is 4 and 2 ha/m. respectively. The total recharge from 
water bodies in Delhi is around ha/m annually. 
6.4.5 Recharge from Return Flow from Groundwater Irrigation 
Ground water irrigation is the most common in North West Delhi 
followed by south-west district. East and north-east and south district and 
at the third place is west district followed by south west district have 
smaller shares of ground water irrigation. The Central, North and New 
Delhi do not have groundwater irrigation. The return flow factor is also 
higher in North West Delhi (0.45 for paddy and 0.25 for non paddy) 
which shows shallower water table than south west Delhi (return flow 
factor, 0.35 for paddy and 0.15 for non-paddy). Hence return flow from 
ground water irrigation is in the descending order for North-West and 
south Delhi, west south east and north east districts. Recharge from 
ground water irrigation for NCT Delhi is 5,829ha/m. Apart from return 
flow the ground water regime in NCT is recharged through return flow 
from water applied in farm houses. 
6.4.6 Total Recharge from Other Sources 
The total annual ground water recharge in NCT is 29710 ha m. 
maximum recharge is in South West district where recharge from other 
sources contributes more than rainfall recharge. The artificial recharge to 
ground water and rain water harvesting are most common in South and 
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South West districts of Delhi. The total annual recharge from water 
conservation structures for entire NCT Delhi is 1390 ha. M. 
6.5 NET GROUNDWATER AVAILABILITY 
Net ground water availability is determined by deducting the 
natural discharge during Monsoon season from the annual total ground 
water recharge. Natural discharge during non-monsoon period in East, 
North, West, South, North West and South West Delhi is 5% of the 
annual ground water recharge, whereas in central, North Delhi is about 
10% of the total annual ground water recharge. The net groundwater 
availability of NCT is 28156 ha m. 
6.6 GROUND WATER DRAFT 
6.6.1 Irrigation Draft 
The total annual irrigation draft of NCT Delhi is 20002 ha m higher 
values in North West and South West districts followed by West districts, 
North East, East and South Delhi have smaller irrigation draft, rest of the 
districts fall in urban area and thus do not have irrigation draft from 
ground water. 
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Fig 6.2 Annual Net Groundwater Availability and Annual Gross 
Groundwater draft (ha m) 
Table 6.3: BLOCK WISE GROUNDWATER RESOURCES 
POTENTIAL NCT, DELHI 
S.No. 
] 
2 
3 
4 
5 
6 
7 
Blocks 
Najafgarh 
Khanjhawala 
Alipur 
Mehraulli 
Shahdara 
City 
Total 
Total 
area 
253 
275 
259 
149 
79 
470 
1485 
Total 
replenishable 
groundwater 
resources 
27.24 
44.92 
60.70 
18.75 
17.52 
122.50 
291.64 
Committed 
new draft 
32.00 
34.00 
30.00 
18.00 
4.00 
0.00 
118.00 
Present withdrawal 
for domestic 
purposes 
8.19 
4.05 
6.70 
10.25 
2.90 
110.50 
142.59 
40.19 
38.05 
36.70 
28.25 
6.90 
112.00 
260.59 
Balance 
procedure 
for 
NIL 
6.85 
24.00 
NIL 
NIL 
12.00 
53.49 
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6.6.2 Domestic Draft 
Domestic draft has several methods viz. draft by individual 
household through private tube wells and other civic Water bodies. The 
annual domestic; draft of NCT Delhi is 21506 ha m. maximum being in 
South West district followed by South district. Rest of the districts has 
much less domestic draft. The draft from farm houses has also been 
added to domestic draft since there is no separate provision for draft by 
farm houses. Farm house draft is mainly restricted to South and South 
West districts (Fig 6.2). The annual draft from farm houses in NCT is 
2137 ha.m. 
6.6.3 Industrial Draft 
Industries are mostly located in North-West, West, South, South 
West, East and North East Delhi. Industrial draft is conspicuously longer 
in North West, West and South districts, central, North and New Delhi do 
not have any industrial estate/or area where water is being used through 
shallow wells. The total annual industrial draft for Delhi is around 4300 
ha/m. 
6.6.4 Total Groundwater Draft for All Uses 
The annual ground water draft for NCT Delhi is 47945 ha m, 
highest in South West district, where domestic sector is the predominant 
146 
consumer of groundwater and followed by North West district, where 
industrial and irrigation draft are significantly higher. 
6.7 GROUNDWATER DEVELOPMENT AND MANAGEMENT 
The ground water resources of 7 districts of NCT, Delhi are over-
exploited with stage of development reaching to even 243% in south 
district. Moreover, the presence of saline aquifers below a depth of 30 to 
40 m further limits the development of ground water resources. Thus the 
complex situation of ground water existence in NCT, Delhi needs 
scientific planning to make the ground water resources as sustainable 
source of water supply in NCT, Delhi. Few of the management strategies 
to develop ground water resources on sustainable basis are discussed 
below (Fig 6.3). 
The groundwater development in NCT of Delhi started in early 
seventies mainly to meet the irrigation requirement. The ground water 
development has accelerated during the fourth year plan (2002 to2003). 
The major share of irrigation for agriculture was provided by 
groundwater. The canal irrigation has gradually decreased from 14772 ha 
to 7226 ha. The contribution at present is of order of 90 % in irrigation 
sector. The area irrigated from different sources over the years is also 
gradually decreasing from 56379 ha which is reduced to 47500 ha; this is 
due to various factors such as urbanization and conversion of agricultural 
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land to non-agricultural purposes. The total cropped area in 1970-71, is 
116585 hectares has reduced to 6095 ha in 2004-2005. The land diverted 
to non agricultural uses has gone up from 34207 ha to 64562 ha in 2004-
2005. 
Stage of Groundwater Development 
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Fig 6.3 Stage of Ground Water Development 
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Beside irrigation, the ground water resources have contributed 
substantially in meeting the domestic and industrial water needs. The 
development of groundwater through municipal supplies has been 
estimated. 
The development of groundwater storage is a long term operation 
to be undertaken in progressive stages. The first phase involves 
investigation of features of natural ground water reservoir and to evaluate 
quantitatively their characteristics. Second phase assess the potential of 
ground water reservoir for augmentation and artificial recharge. The 
ground water management in the NCT Delhi therefore needs to be 
directed towards augmentation of groundwater resources with a view to 
bring additionally to drinking water supply which is already under great 
stress. 
The groundwater development in NCT of Delhi is at a very high 
stage and all the blocks show an ever increasing stage of ground water 
development resulting in lowering of groundwater level in major parts of 
territory based on recent assessment of groundwater resources (Fig 6.4). 
Further, scope of groundwater is mainly in Alipur, shahdara and city 
blocks with proper site location and suitable design, the groundwater 
development can be taken up in Yamuna flood plain and adjoining areas. 
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Stage of groundwater development is highest in the south district 
(243%) which can be attributed to higher proportion annual draft as 
compared to annual recharge (Table 6.4). The groundwater draft in south 
district is predominantly in the domestic sector. This is followed by 
south west district (214%) which through has the highest draft amongst 
all districts of NCT Delhi, is also bestowed with the largest repository of 
groundwater. 
TABLE-6.5: CATEGORIZATION FOR GROUND WATER DEVELOPMENT 
OF THE ASSESSMENT UNIT OF NCT, DELHI (IN H/ME) 
SI. Assessment Stage of Significant Significant 
No. Unit Ground decline of pre- decline of post-
Water monsoon monsoon water 
Develop water levels levels 
ment 
1 2 
1 Central 
2 East 
3 North 
4 New Delhi 
5 North East 
6 North West 
7 South 
8 South West 
9 West 
TOTAL 
16 17 
88.08 No 
130.27 Yes 
34.61 No 
170.82 Yes 
129.15 No 
136.31 Yes 
243.00 Yes 
214.41 Yes 
111.56 Yes 
170.28 
18 
No 
No 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Categorization 
for future ground 
water 
development 
19 
Safe 
Over-exploited 
Safe 
Over-exploited 
Over-exploited 
Over-exploited 
Over-exploited 
Over-exploited 
Over-exploited 
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The New Delhi district also has a high stage of ground water 
development (170%) which is due to high draft in domestic institutional 
usages. Lowest stage of groundwater development in north district (35%) 
which can be mainly attributed to the presence of recharge zone in the 
form of ridge in its western fringes. The River Yamuna in its eastern 
fringes, which also acts a hydrogeological boundary of the district. The 
field studies also indicate that a major portion of North district has 
comparatively shallow groundwater level (Table 6.5). The over all stage 
of ground water development in Delhi 170%. 
6.7.1 Groundwater development in Yamuna Flood Plains 
The Yamuna flood plain is a rich repository of fresh groundwater 
which is being developed to a very limited extent and only 16 ranney 
wells have been constructed by central groundwater board. The wells 
having an average depth of 25 mt are collector wells tapping the aquifer 
of flood plain. Horizontal slotted pipes of 50 mm diameter of about 33mt 
length and 8 to 20 in meters are installed in these wells to tap the highly 
permeable sand deposits of flood plain. The yields of these wells vary 
from 6500m3(1044 mgd) to 7900m3 (1.75 mgd) per day. The hourly 
discharges of these wells vary from 500 to 650 m3. These wells 
contribute about 0.109 meter per day (24 mgd). 
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Fig. 6.4 Catagorization of districts in Delhi. 
Yamuna Active Flood Plain Aquifer System occupies an area of 97 
Sq.km and stretches about 35 Km along river Yamuna. The potential 
aquifers underlying the Newer Alluvium (Yamuna Sand), which is 
predominantly silty sand, mixed with clay and gravel can be developed 
on sustainable basis adopting the technique of abstraction during the non-
monsoon period and recharging the same aquifers during the flood 
season. Total thickness of Newer Alluvium varies between 45 to 55 m. 
Aquifer system in Newer Alluvium is unconfined with depth to water 
level occurs at shallow depths of 0.5 to 3.50 m bgl and can sustain the 
tubewells with yields ranging from 1400 to 2800 Ipm (Fig 6.5). 
Four Potential areas have been identified to construct high yielding 
tubewells. These are Palla-Hiranki Sector, Akshardham Mandir- Mayur 
Vihar Sector, DND Flyover Sector and Kalindi Kunj-Jaitpur Sector. From 
these four sectors 65 MGD of fresh ground water can be exploited on 
sustainable basis. The dewatered aquifer zones would be recharged 
during the monsoon period through flood water. The total potentiality can 
be created by dewatering and re-filling of shallow aquifers in these areas 
is 65.5 MGD (Table 6.6). 
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Table 6.6: DEVELOPMENT OF GROUND WATER RESOURCES OF 
YAMUNA FLOOD PLAIN 
Name of the 
Sector 
Area 
demarcated 
No. of 
tubewells 
already 
constructed 
No. of more 
tubewells 
recommended 
Total No. 
of wells 
Proposed availability 
of water 
Palla Sector 
shardham 
Mandir-
Mayur Vihar 
Sector 
Palla to 
Hiranki 
South of 
Burari to 
Wazirabad 
Pondage 
North of NH-
24 to Railway 
track (In the 
area 
demarcated 
for Common 
Wealth Games 
Village) 
South of 
N.H.24 
DND Fly-
Over Sector 
Kalindi Kunj 
-Jaitpur 
Sector 
On both sides 
of DND Fly-
over to Old 
Okhla Barrage 
South of 
Kalindi Kunj 
barrage to 
Jaitpur 
92 
Nil 
Not 
recommended 
for further 
development 
20 
One 19 
Four 16 
19 
25 
Total 121 91 
92 37 MGD of ground 
water is already being 
pumped. 
20 5 MGD 
20 5 MGD Ground Water 
from these tubewells 
can be utilized for 
Common Wealth 
Games Village 
20 5 MGD Can be 
connected to existing 
pipe system and can be 
supplied to Mayur 
Vihar area 
30 6 MGD water from 
these tubewells can be 
supplied to Okhla and 
surrounding south 
Delhi areas 
30 7.5 MGD water can be 
supplied to South 
Delhi 
212 65.5 MGD 
6.7.2 Waste water re-uses 
In Dry season approximately 2,867 ml/d of sewage including 
industrial effluent is discharged to the Yamuna River from the various 
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drains and nullahs in the city. Thus there exist a great potential for 
recycling treated domestic wastewater that can be used primarily for 
irrigation and horticultural reuse. There is also some demand for use of 
wastewater as cooling water in the power stations. In addition other 
options include return to the raw water source, treatment and reuse of 
wastewater for toilets systems etc. At present about 1349 MLD of 
wastewater generated in the city is treated by sewage treatment plants and 
rest of the waste water is being discharged into the drains without any 
treatment. To treat the all-available wastewater Soil Aquifer Treatment 
plants can be put up near the existing sewag? as well as near the major 
drains carrying the waste water. A battery of tube wells for using treated 
waste water for domestic purposes can pump this wastewater out. As the 
water is free of foul smell and can be used for all purposes after proper 
chlorination. 
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CHAPTER VII 
W A T E R QUALITY CHARACTERIZATION 
The ever increasing demand for good quality of water for human 
utilization and the need to assess its physico-chemical and biological 
characteristics with respect to its utilization, particularly as a source of 
water supply, has been desirable and acknowledged. 
The research as towards the definition of criteria and standards for 
water quality vary with the types of use. The characteristic of water 
required for human consumption, livestock, irrigation, industries, etc. 
have different requirement of water. The term water quality criteria may 
be defined as the "scientific data evaluated to derive recommendation for 
characteristics of water for specific use ". 
Groundwater forms a major source of drinking water for urban and 
rural water supplies in India. Since the quality of public health depends to 
a great extent on the quality of drinking water, it is imperative that in-
depth information about the quality of water be systematically collected 
and motivated 
The characteristics and composition of the water evolve as it flows 
through the ground in response to the types of solids and gas phases that 
the solution encounters and the geochemical reactions that occur between 
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these phases (Deutch, 1997). Therefore, each groundwater system has its 
own characteristic chemical signature produced as a result of chemical 
alteration of the meteoric water recharging the system (Drever 1982; 
Back 1996). 
Apart from quantity, quality of groundwater is equally important in 
determining the suitability of a particular groundwater in certain use. The 
water being universal solvent, its purity cannot remain intact. The 
chemical history is the resultant of all processes and reactions that have 
acted on the water from the movement, it condensed in the atmosphere to 
the time it is discharged by a well or spring. Therefore, the quality of 
groundwater varies from different location / place to place, with the 
changes in depth of water table and from season to season, it is primarily 
governed by the extent and composition of dissolved solids in it. The kind 
and concentration of dissolved solid in it, depends upon source of salts, 
subsurface environment, movement, and source of groundwater. 
The chemical composition of groundwater varies within the wide 
limits (Faure 1998). The intensive use of mutual resources and large 
production of wastes in modern society often poses a threat to 
groundwater quality and has already resulted in many incidents of 
groundwater water contamination. Degradation of groundwater quality 
can take place over large areas of plain or diffuse sources like deep 
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percolation from intensively cultivated field er it can be caused by point 
sources such as septic tank, garbage disposal sites, mine spoils, oil spill or 
other accidental entry of pollutants into the underground environment. A 
third possibility is the contamination by line sources of poor quality of 
water like seepage from polluted streams and rivers (Khurshid et al., 
1988). 
The chemical alteration of the meteoric water depends on several 
factors such as interaction with solid phases, residence time of 
groundwater, mixing of groundwater with pockets of saline water, and 
anthropogenic impacts (Stallard and Edmond 1983, Dethier 1998, Faure 
1998, Subba Rao 2001). Salts are also added to the groundwater while it 
is passing through soils, which has soluble products of excess irrigation 
water percolating to the water table may contribute substantial quantities 
of salt, Use of excessive quantities of fertilizers, pesticides, etc. can also 
cause the quality problem of water. Because groundwater tends to move 
vary slowly, therefore many years may elapse between start of pollution 
and its reflection in a well. For the reason, many years required to 
rehabilitate contaminated aquifer, after the source of pollution has been 
eliminated. This long delay can force abandonment wells and may require 
costly development of alternate water supplies, prevention of 
contamination thus is the best way for protecting groundwater quality. 
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Water drawn from the strata at a particular time of the year may be 
unsuitable whereas it may be good enough at the other times of the year. 
The mineral carried in water, determine its usefulness for various 
purposes, Presence of some ions, beyond a certain limit may take water 
injurious for irrigation drinking and industrial purposes. Hence, it 
becomes necessary to monitor the groundwater quality in an area to 
assess its suitability for various uses, only the regular monitoring of 
quality of water. 
Broadly speaking, the intake of major and minor cations is related 
to solid-water interaction (Bartarya 1993; Subba Rao 2001). 
In all natural water, the cations and anions are in the chemical 
equilibrium and if the concentration of the several dissolved constituents 
are measured in terms of the percentage of reacting value, i.e. according 
to their "equivalents per million" and expressed as a percentage of the 
sum of equivalents for all constituent, the sum-total of the cations and 
anions are each 50 percent of the whole. 
A natural water can be treated in terms of three cations-variable 
(calcium, magnesium and sodium plus potassium) and three anion-
variables (bicarbonate, sulphate and chloride) and because of the sum-
total of its cations and anions are each 50 percent of total reacting value, 
161 
the essential chemical characters of water have been indicated graphically 
by a single, point plotting an trilinear co-ordinates (Piper, 1944). 
With this simple objective in sight systematic sampling was carried 
out in the study area from the point of view of understanding various 
possible sources of dissolved ions and to assess the seasonal variation in 
groundwater quality with respect to drinking and irrigational uses. 
7.1 MATERIAL AND METHODS 
In order to study the quality of groundwater of NCT Delhi samples 
from surface water bodies were collected during pre-monsoon to post-
monsoon period of year 2005,2006, and 2007 from different groundwater 
structures of entire Yamuna basin for determining the major and minor 
chemical constituents as per methods prescribed by APHA (1992). 
7.1.1 Collection of water samples 
Samples, however, have to be handled in such a way that no 
significant change in composition occurs before the tests are made. 
Due to probable seasonal variation in the water quality, six hundred 
groundwater samples were collected for physico-chemical analysis in two 
successive seasons viz. Pre-monsoon and Post-monsoon period and three 
years corresponding June 2005, June 2006, June 2007 and November 
2005, November 2006, November 2007 respectively from the same 
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sampling sites. The water samples were collected and stored in 1 liter 
capacity clean plastic bottles. Before collection the bottles were carefully 
washed. In order to avoid any impurity, the wells were duly pumped so 
that the stagnant water is completely removed from storage with in the 
well assembly. Besides major ions, the trace element samples were 
treated with 0.6 N HN03. Sampling location map of the study area is 
shown in (Fig. 7.1). 
The major ion and trace elements analysis have been carried out in 
the geochemical laboratory, Department of Geology, Aligarh Muslim 
University, Aligarh. 
7.1.2 Analytical techniques 
The methods of plotting these data is based on the procedure 
described by Palmer (1911), Hill (1940-42), Langelier and Ludwing 
(1942), Piper (1944), Piper and Hill (1953), Hem (1970) and Handa 
(1974). 
The physico-chemical characteristics of water samples were 
determined according to the standard methods of APHA (1992). 
Electrical Conductivity (EC) and pH were determined in the field. pH by 
a portable digital pH meter, and EC was measured with the help of 
portable kit with electrodes. 
163 
Legend 
Sample Location 
. . . State Boundary 
Block Boundary 
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77° 1? 
Fig. 7.1 Sample location map of study area. 
The concentrations of Ca , Mg , HCO3", CI" and total hardness 
were determined by titrimetric method. Ca++ and Mg++ determined by 
EDTA titration, for HCO3", HC1 titration to a methyl orange point was 
used. Chloride also determined by titration with AgN03 solution. Flame 
emission photometry was used for the determination of Na+ and K+. In 
this method water sample is atomized and sprayed in to a burner. The 
intensity of the light emitted by a particular spectral line is measured with 
the help of a photoelectric cell and a galvanometer. Sulphate analysed by 
gravimetric method. The concentrations of NO3 and F were determined 
with the help of Double beam spectrophotometer U.V. Visible. 
The trace elements like Cu, Zn, Ni, Fe, Mn, Cu, Cr, Cd and Pb 
were analysed by Atomic Absorption spectrophotometer. The analyzed 
data of the data of the pre- and postmonsoon 2005, 2006 and 2007 water 
samples are given in Appendix 71, 711, 7III, 7IV, 7V, 7VI, 7VII, 7VIII, 
and 7IX. 
7.2 GROUNDWATER QUALITY VARIATION IN DEPTH 
The change in the quality of groundwater at different depth level is 
dependent on several factors such as strata composition, extent of 
recharge, variation in rate of flow, climate, evapotranspiration and 
pollution due to human activities particularly at shallow depth. 
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7.3 CHEMISTRY OF MAJOR IONS 
7.3.1 Hydrogen ion concentration (pH) 
The pH value of water indicates hydrogen ion concentration in 
water and is logarithm of reciprocals of their weight measured in 
milligrams per litre of water, on electrolysis, the water is dissociated into 
two types of ions i.e. positively charged hydrogen ion (H+) and negatively 
charged hydroxyl ions (OH") causing acidity and alkalinity, respectively. 
It is claimed that at high ph levels drinking water acquires a bitter taste 
(E.P.A, 1977). Color intensity in a given water sample is increased by 
raising the ph (Black et. al., 1963). 
The pH value of acidic water varies from 0-7 and that of alkaline 
water between 7 and 14, while natural water has a pH value of 7.0. 
Mostly, the fresh water has a pH value of 6-8. The growth of iron 
bacteria is very pH-dependent, occurring over the range 5.5-8.2, with an 
optimum ph of about 6.5 (Shair, 1975). 
The ph value in the study area ranges from 6.7 to 9.0 with an 
average of 7.9 in pre-monsoon 2005, from 6.8to 9.4 with an average of 
8.2 in pre-monsoon 2006, and 6.2 To 9.9 with an average of 8.2 in pre-
monsoon 2007. While ph value in the study area ranges from 6.4 To 9.1 
with an average of 7.9 in post-monsoon 2005, from 6.5 to 9.5 with an 
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average of 7.9 in post-monsoon 2006, and from 6.4 to 9.9 with an average 
of 8.3 in post-monsoon 2007. The highest desirable limit for public water 
supply is 7 to 8.5 (W.H.O., 1993). The value of ph in the study area is 
observed under the desirable limit during 2005 to 2007 of W.H.O in all 
the seasons. 
7.3.2 Electrical conductivity (EC) 
EC is a function of ionic concentrations and can be used for a quick 
assessment of dissolved substances in water. The importance of EC is its 
measure of salinity, which greatly affects the taste and thus has a 
significant important on the users acceptance of water as potable. 
The EC value in the study area ranges from 200 to 9920 with an 
average of 1972 in pre-monsoon 2005, from 300 to 8230 with an average 
of 1952 in pre-monsoon 2006, and 200 to 8790 with an average of 1963 
in pre-monsoon 2007. While EC value in the study area ranges from 180 
to 9010 with an average of 1794 in post-monsoon 2005, from 200 to 7200 
with an average of 1635 in post-monsoon 2006, and from 100 to 8600 
with an average of 1780 in post-monsoon 2007. The electrical 
conductivity with 400 micro-mhos/cm at 25°C is considered suitable for 
human consumption (W.H.O). The value of EC is observed more than 
W.H.O limits limit during 2005 to 2007 in all the seasons in the study 
area. 
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The water samples in the study area are characterized by high 
extent of mineralization at a few places. The extent of mineralization in 
shallow ground of Delhi expressed as EC distribution varies considerably 
from one part to another. 
7.3.3 TOTAL DISSOLVED SOLIDS (TDS) 
The TDS content of the groundwater are controlled by the chemical 
characters of groundwater and its ionic saturation status. The dissolution 
of solids in groundwater depends on their distribution and solubility, 
porosity and permeability of the rock, sub soil water and its flow path. 
The TDS content of the groundwater may increase at places where the 
chemical equilibrium has not attained between water and deposited salts. 
The TDS content of groundwater in any area may also increase 
when the water from a different sources containing more dissolved ion is 
introduced either by intrusion or by seepage. 
Bruvold et al. (1967) have rated the palatability of drinking water 
according to the TDS level thus 
Excellent - less then 300 mg/lit 
Good - Between 300 and 600 mg/lit 
Fair - Between 600 and 900 mg/lit 
Poor - Between 900 and 1200 mg/lit 
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Unacceptable - Greater then 1200 mg/lit 
The principal ions contributing to IDS are carbonate, bicarbonate, 
chloride, sulphate, nitrate, sodium, potassium, calcium, and magnesium 
(E.P.A, 1976). 
Total dissolved solids influence other qualities of drinking water 
such as taste, hardness, corrosion properties and tendency to incrustation. 
Toial dissolved solids in water may originate from natural sources, 
sewage effluent discharges, urban runoff or industrial waste discharges. 
The value of TDS in the study area ranges from 128 to 6348 with 
an average of 1262 in pre-monsoon 2005, from 192 to 5267 with an 
average of 1249 in pre-monsoon 2006, and 120 to 5650 with an average 
of 1256 in pre-monsoon 2007. While TDS values in the study area 
ranges from 115 to 5766 with an average of 1148 in post-monsoon 2005, 
from 118 to 4700 with an average of 1049 in post-monsoon 2006, and 
from 110 to 5520 with an average of 1142 in post-monsoon 2007. The 
permissible limit of total dissolved solid is 1000 mg/1 (W.H.O, 1993). 
The value of TDS is observed more than the permissible limit of W.H.O 
during 2005 to 2007 in all the seasons. 
Certain components of TDS, such as chlorides, sulfates, 
magnesium, calcium, and carbonates, affect corrosion of incrustation in 
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water distribution systems (F.H. et al.,1960). Water with high 
concentration of TDS is laxative effect on people. 
7.3.4 Total Hardness (TH) 
Water hardness is the traditional measure of a capacity of water to 
react with soap, hard water requiring a considerable amount of soap to 
produce lather water hardness is caused by dissolved polyvalent metallic 
ions. In fresh water, the principal hardness causing ions are calcium and 
magnesium, the ions strontium, iron, barium, and manganese also 
contribute. The hardness may also be estimated by determination of the 
individual concentrations of the components of hardness, their sum being 
expressed in terms of equivalent quantity of calcium carbonate. On the 
basis of hardness, water is classified as follows: 
1. Less than 50 ppm : soft 
2. 50 to 100 ppm : moderately soft 
3. 100 to 150 ppm : slightly hard 
4. 150 to 250 ppm : moderately hard 
5. 250 to 350 ppm : hard 
6. More than 350 ppm : excessively hard 
Although hardness is caused by cations, it may be discussed in terms 
of carbonate temporary and non-carbonate permanent hardness. 
Carbonate hardness refers to the amount of carbonate and bicarbonates in 
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solution that can be removed or precipitated by boiling. This type of 
hardness is responsible for the deposition of scale in hot water pipes and 
kettles. Non-carbonate hardness is caused by the association of the 
hardness - causing cations with sulfate, chloride or nitrate and is referred 
to as permanent hardness, because it cannot be removed by boiling. 
The principal natural sources of hardness in water are sedimentary 
rocks, seepage, and runoff from soils. Hard water normally originates in 
areas with thick topsoil and limestone formations (Sawyer, 
1967).groundwater is generally harder than surface-water. Groundwater 
rich in carbonic acid and dissolved oxygen usually possesses a high 
solubilizing potential towards soil or rocks that contain appreciable 
amounts of the minerals calcite, gypsum, and dolomite and consequently 
hardness levels up to several thousand milligrams per liter can result 
(Sawyer, 1967, De Fulvio, et al 1976). 
The hardness value in the study area ranges from 54.8 to 1906 with 
an average of 468 in pre-monsoon 2005, from 72 to 1934 with an average 
of 446 in pre-monsoon 2006, and 74.84 to 2068 with an average of 493 in 
pre-monsoon 2007, And hardness value ranges from 61 to 1881 with an 
average of 432 in post-monsoon 2005, from 21 to 1940 with an average 
of 442 in post-monsoon 2006 and from 58 to 2173 with an average of 445 
in post-monsoon 2007 in the study area. The highest desirable limit of 
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hardness for drinking water supply is 100 mg/L (W.H.O). 
The value of total hardness is marked more than the desirable limit 
of W.H.O in the study area during 2005 to 2007 in all the seasons. Hard 
water is generally believed to have harmful effect on human being. 
Cardiovascular diseases are reported to be confined to the areas of soft 
water than to those having hard water (Crawford, 1972). In the study 
area harness is generally more than the desirable limit of W.H.O. 
7.3.5 Chloride (CI) 
Chloride is one of the major inorganic anion in water. It is present 
in all potable water supplies and in sewage. High chloride concentration 
in water give an undesirable taste to water and beverages and large 
amounts may act corrosively and metal pipes and may be harmful to plant 
life. 
Chlorides in drinking water are generally not harmful to human 
being until a high concentration is reached, although the chlorides may be 
injurious to some people suffering from disease of heart and kidney. 
The chloride concentration in the study area ranges from 18.77 to 
2610.00 with an average of 403.22 in pre-monsoon 2005, from 19.88 to 
2530.00 with an average of 419.67 in pre-monsoon 2006, and 14.77 to 
2800.00 with an average of 414.75 in pre-monsoon 2007, And chloride 
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concentration range from 18.90 to 2600.00 with an average of 385.78 in 
post-monsoon 2005, from 17.04 to 2425.00 with an average of 379.40 in 
post-monsoon 2006 and from 12.88 to 2390.00 with an average of 392.83 
in post-monsoon 2007 in the study area. The desirable limit is 200 mg/lit 
of chloride in potable waters (WHO, 1993) whereas the Indian Council of 
Medical Research (I.C.M.R. 1975) recommends 200 mg/L as desirable 
limit. The concentration of chloride ranges more than the desirable limits 
of WHO as well as ICMR, in the study area, in all the seasons during 
2005 to 2007. 
A normal 70 kg human body contains approximately 81.7 g of 
chloride (Dietary standard for Canada, 1975). A high concentration of 
chloride gives salty taste to water and large amount effect corrosively on 
metal pipes. People who are not accustomed to high chlorides in water 
are subjected to laxative effect as suggested by Raviprakashan and 
Krishna Rao (1989). 
7.3.6 Sulphate (S04) 
Sulphate appears in natural water in wide range of concentrations 
and has no characteristic action on the soil other then increasing its 
salinity. The chief sources of sulphate in ground water are sulphate 
minerals in sedimentary rocks, oxidation of sulphides from igneous rocks, 
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addition of soil amendments such as gypsum, pyrites, fertilizers and rain 
water. 
In groundwater, sulphate generally occurs as soluble salts of 
calcium magnesium and sodium. The sulphate content of water may 
change significantly with time during infiltration of rainfall and 
groundwater recharge, which mostly take place from stagnant water 
pools, puddles and surface runoff water collected in low lying area. 
The analytical results show that the concentration in the study area 
ranges from 4.11 to 2325 with an average of 273.87 in pre-monsoon 
2005, from 1.65 to 2400 with an average of 304.42 in pre-monsoon 2006, 
and 15.75 to 2340 with an average of 303.03 in pre-monsoon 2007, 
However concentration ranges from 5.09 to 2428 with an average of 
263.35 in post-monsoon 2005, from 16.20 to 2344 with an average of 
380.01 in post-monsoon 2006 and from 3.01 to 2360 with an average of 
292.35 in post-monsoon 2007 in the study area. WHO, 1993 have 
prescribed highest desirable limits of 200 mg/L and maximum 
permissible limit of 400 mg/L for sulphate in drinking water. The 
concentration of sulphate in the study area is observed more than the 
desirable limit of W.H.O during 2005 to 2007. 
High concentration of sulphates in association with sodium or 
magnesium in the drinking water might give lise to gastrointestinal 
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irritation. At higher concentration sulphate can have laxative effects. 
Sulphate is poorly absorbed from the intestine (Novikov, 1975); it slowly 
penetrates the cellular membranes of mammals and is rapidly eliminated 
through the kidneys (Senning, 1972) 
7.3.7 Bicarbonate (HC03) 
Bicarbonates and carbonates are the most common causes of 
alkalinity in natural water. The bicarbonate content in groundwater 
depends upon the partial pressure of the carbon dioxide in the soil and 
represents the major form since they are formed in considerable amount 
for the action of carbonates upon the basic materials in soils 
C02 + H20 = H++HC03" 
C02+CaC03+H20 Ca+++2HC03' 
The main sources of bicarbonate in ground water include carbon 
dioxide in the soil, leaching from carbonaceous rock, carbon dioxide in 
the atmosphere and carbon dioxide released due to bacterial oxidation of 
organic matter. 
The value of HCO3 in the study area ranges from 0.00 to 996 with 
an average of 224.69 in pre-monsoon 2005, from 0.00 to 980.00 with an 
average of 230.56 in pre-monsoon 2006, and 0.00 to 980 with an average 
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of 224 in pre-monsoon 2007, While HC03 values in the study area range 
from 0.00 to 950 with an average of 218.86 in post-monsoon 2005, from 
0.00 to 850 with an average of 209.98 in post-monsoon 2006 and from 
0.00 to 990 with an average of 169.40 in post-monsoon 2007. 
7.3.8 Carbonate (C03) 
The value of CO3 in the study area ranges from 0 to 416 with an 
average of 98.14 in pre-monsoon 2005, from 0.00 to 290.00 with an 
average of 75.44 in pre-monsoon 2006, and 0.00 to 960 with an average 
of 90.19 in pre-monsoon 2007. While C03 values in the study area range 
from 0.00 to 643.00 with an average of 97.98 in post-monsoon 2005, 
from 0.00 to 890 with an average of 119.10 in post-monsoon 2006 and 
from 0.00 to 890 with an average of 137.97 in post-monsoon 2007. 
7.3.9 Sodium (Na) 
The increased pollution of surface and groundwater during the past 
decades has resulted in substantial increase in the sodium content of 
drinking water in different regions of the world. Sodium is present in 
nearly all natural waters and its concentration in drinking water depends 
on factors such as hydrogeological condition, the seasons of the year and 
industrial activities and 
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Weathering of rock minerals present in soil. Ratio of sodium to 
total cations is important in agriculture and human pathology. 
Sodium chloride is also used in the production of caustic soda, 
chlorine, and many industrial chemicals. Significant quantities are used 
in the food processing, slaughtering and meat packing, dairy, fishing, 
grain, and brewing industries (Killin, 1974). The most important water 
quality aspect of sodium is the possibility of changing the permeability of 
soil. 
The concentration of sodium in the study area ranges from 6.4 to 
2500 with an average of 351.98 in pre-monsoon 2005, from 11.74 to 
1700.00 with an average of 307.89 in pre-monsoon 2006, and 12.87 to 
2700 with an average of 350.99 in pre-monsoon 2007, While 
concentration ranges from 14.06 to 2395.00 with an average of 205.37 in 
post-monsoon 2005, from 7.05 to 1600 with an average of 270 in post-
monsoon 2006, and from 10.98 to 2400 with an average of 336.01 in post-
monsoon 2007 in the study area. The permissible limit of sodium is 
given as 200 mg/L by W.H.O, 1993. The concentration of Sodium is 
observed more than the permissible limit of W.H.O in the study area in 
all the seasons during 2005 to 2007. 
Sodium is most abundant of the alkali elements, compounds of 
sodium being widely distributed in nature, and constitutes 26 g/kg of the 
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earth's crust. It is estimated that between 25% and 50 % of the salt used 
on a road infiltrates the groundwater (Mc Connell, 1972). 
Though sodium is an essential element for human body, its higher 
content in drinking water may be harmful to a person suffering from 
cardio and renal diseases pertaining to circulatory system. 
7.3.10 Potassium (K) 
Potassium is less common Cation in the groundwater. Potassium 
salts are of the therapeutic value in the treatment of familiar periodic 
paralysis while no desirable or excessive limit for potassium have been 
set, though 10 mg/L - 12 mg/L based on European Economic Community 
Standard. The maximum permissible limit of potassium is 12 mg/L 
(W.H.O, 1993). 
In the study area potassium ranges from 1.08 to 213 with an 
average of 18.03 in pre-monsoon 2005, from 0.01 to 222 with an average 
of 21.92 in pre-monsoon 2006, and 0.40 to 240 with an average of 22.78 
in pre-monsoon 2007, And its concentration ranges from 0.00 to 326.00 
with an average of 37.74 in post-monsoon 2005, from 1.11 to 224 with an 
average of 22.61 in post-monsoon 2006 and from 0.03 to 250 with an 
average of 22.51 in post-monsoon 2007in the study area. 
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7.3.11 Calcium (Ca) 
The calcium is one of the most important cation present in the 
groundwater. The main sources of the calcium in groundwater are 
rainwater, leaching from fertilizer, soil, weathering of calcium; silicate 
minerals and use of surface water for irrigation, the dissolve CO2 control 
the Ca ions. 
It has a high affinity to adsorb only soil particles; therefore, the 
cation exchange equilibrium and the presence of other cation greatly 
influence its concentration in groundwater. 
In the study area the concentration of calcium ranges from 10.98 to 
409 with an average of 80.75 in pre-monsoon 2005, from 14.42 to 400 
with an average of 86.50 in pre-monsoon 2006, and 12.08 to 450 with an 
average of 86.87 in pre-monsoon 2007, And its concentration ranges from 
6.41 to 388.00 with an average of 77.13 in post-monsoon 2005, from 1.30 
to 399 with an average of 79.93 in post-monsoon 2006 and from 7.13 to 
410 with an average of 71.81 in post-monsoon 2007 in the study area. The 
highest desirable limit of calcium in drinking water is 75 mg/L (W.H.O 
1993). The value of calcium ranges more than desirable limit of W.H.O 
in the study area during 2005 to 2007. 
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Calcium has tendency to get precipitated in the form of 
concentrations known as kankar. During contact with clays, part of 
calcium may also undergo ion-exchange reaction that may be the reason 
for the depletion of calcium in ground water. Calcium is an essential 
constituent for human body which requires 0.7 to 2.0 g/day. However, 
large doses are required by pregnant women and growing children. In 
human body it is essential for muscular and nervous system, cardiac 
function and in coagulation of blood. Low levels of calcium may have 
adverse effects on human health. Higher content is also harmful resulting 
in the function of kidney and bladder stones and irritation in urinary 
passage. 
7.3.12 Magnesium (mg) 
Magnesium is a common and moderately toxic element. Mg is one 
of the most important contributors to hardness of water; the concentration 
of magnesium in groundwater is less than Ca. 
In the study area the magnesium ranges from 2.56 to 439.40 with 
an average of 65.04 in pre-monsoon 2005, from 0.97 to 340.00 with an 
average of 56.12 in pre-monsoon 2006, and 0.99 to 388 with an average 
of 67.44 in pre-monsoon 2007, And it ranges from 1.92 to 335.00 with 
an average of 58.25 in post-monsoon 2005, from 2.00 to 330 with an 
average of 59.13 in post-monsoon 2006 and from 1.08 to 340 with an 
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average of 64.80 in post-monsoon 2007 in the study area. The maximum 
permissible limit of Mg in drinking water purposes is prescribed 50 Mg/L 
(W.H.O, 1993) and 30 to 150 Mg/L as proposed by I.C.M.R. (1975). The 
concentration of magnesium ranges more than the permissible limit of 
W.H.O, 1993 in the study area during pre and post monsoon 2005 to 
2007. The Chief Sources of Mg are rainwater, weathering of Mg, silicate 
mineral - presence of the soil. 
If high concentration of Mg is combined with SO4, A laxative 
effect results, therefore some caution must be exercised with it. It is an 
essential nutrient for human body with an average adult requirement (200 
to 300 mg/L) per day. Magnesium deficiency is associated with structural 
functional changes may cause severe diarrhea, chronic renal failure and 
protein - Caloric malnutrition (WHO 1973). 
7.3.13 Nitrate (N03) 
Nitrates are widely present in substantial quantities in soil, in most 
waters, and in plants, including vegetables (W.H.O., 1978). Nitrates are 
products of oxidation of organic nitrogen by the bacteria present in soils 
and in water where sufficient oxygen is present. 
In the study area the concentration of nitrate ranges from 0.02 to 
600 with an average of 36.30 in pre-monsoon 2005, from 0.08 to 609.00 
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with an average of 37.03 in pre-monsoon 2006, and 0.80 to 556.90 with 
an average of 37.38 in pre-monsoon 2007, while it ranges from 0.00 to 
575.00 with an average of 30.21 in post-monsoon 2005, from 0.00 to 607 
with an average of 34.82 in post-monsoon 2006 and from 0.10 to 532.23 
with an average of 35.92 in post-monsoon 2007 in the study area. The 
desirable limit of nitrate is given 10 mg/1 by W.H.O, 1993. The value of 
nitrate is observed more than the desirable limit in study area during pre 
as well as post monsoon period during 2005 to 2007. 
Nitrate contamination, often associated with agricultural activities, 
is a major problem in some shallow aquifer and is increasingly becoming 
a threat to groundwater supply. 
The higher N03 concentration may be attributed due to combined 
effect of contamination from domestic sewage, livestock rearing, landfills 
and runoffs from fertilized field, unlined drained and cattle sheds. Nitrate 
content in drinking water is considered important for its adverse effect. It 
has been well documented that, in some countries, water supplies 
containing high levels of nitrate have been responsible for cases of 
infantile methaemoglobinaemia and death (U.S., E.P.A., 1977). Cases of 
infantile methaemoglobinaemia have not been reported in areas where the 
drinking water consistently contains less than 10 mg of nitrate-N per litre 
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(Ministry of supply and Services, 1980,). Nitrate can be reduced to nitrite 
and absorbed into the blood oxidizing the iron of hemoglobin. 
7.3.14 Fluoride (F) 
The nation environment pollution due to fluoride in groundwater is 
a matter of a great concern. As it possess serious consequences on human 
health. 
In the study area the concentration of fluoride ranges from 0.02 to 
6.43 with an average of 0.99 in pre-monsoon 2005, from 0.20 to 7.45 
with an average of 1.20 in pre-monsoon 2006, and 0.07 to 7.87 with an 
average of 1.37 in pre-monsoon 2007, while it ranges from 0.00 to 5.67 
with an average of 0.78 in post-monsoon 2005, from 0.00 to 8.90 with an 
average of 0.99 in post-monsoon 2006 and from 0.05 to 38.00 with an 
average of 1.64 in post-monsoon 2007in the study area. The highest 
desirable limit of fluoride is 1.2 and maximum permissible limit is 1.5 in 
drinking water, prescribed by B.I.S, 1991.the value of fluoride ranged 
below the desirable limit of B.I.S, 1991, but the concentration is more 
than desirable limit of B.I.S. in 2007. 
High fluoride levels are mostly found in the areas where 
groundwater is brakish to saline in nature. Once fluoride is incorporated 
into teeth, it reduces the solubility of the enamel under acidic conditions 
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and thereby provides protection against dental caries. The presence of 
fluoride in water results in a substantial reduction of dental caries in both 
children and adults (Ministry of supply and services, 1979). Long term 
consumption of water containing 1 mg of fluoride per liter may lead to 
such mottling in patients with long-standing renal disease or polydipsia 
(National Research Council, 1977). Skeletal fluorosis has been observed 
in persons when water contains more than 3-6 mg of fluoride per liter 
depending on intake from other sources. Intakes of 20-40 mg of fluoride 
per day over long periods have resulted in crippling skeletal fluorosis 
(National Research Council, 1977). 
7.4 HYDROCHEMISTRY OF TRACE METALS 
Heavy metals are of great concern because of their high toxicity to 
various biological forms out of 106 identified elements in nature about 80 
are metals, most of which are found only in trace amount in the biosphere 
and its biological material. 
Some of the trace elements are essential elements and are required 
as nutrients for normal physiological function as regulator of biochemical 
processes in animals and plants and also cause adverse effect in human 
beings beyond certain level of exposure and adsorption. 
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Some higher amount of heavy metals in potable water, domestic 
waste water and industrial effluents is a subject of serious concern due to 
their toxic properties. 
The heavy metals are continuously re1 ease into the aquatic 
environment from natural processes such as Geological metamorphosis, 
weathering of the rocks, soil, bacterial activities but the anthropogenic 
activities like chemical, metal processing, electroplating, metal polishing 
and cleaning, paint manufacture, battery manufacture and mixing etc. 
have greatly increase the mobilization of most metals into the 
environment. Components are heavy metals occur at very low 
concentration in almost all natural water due to geochemical sources but 
the presence of toxic heavy metals in higher concentration has been a 
major cause of concern due to heavy metal contamination in aquatic 
environment and groundwater. The metal discharge in natural water at 
increased concentration can have serious ecological problems. 
This situation is aggravated by the lack of natural elimination 
processes for metals, as a result the metal shift from one compartment to 
another, With the environment including water, soil, groundwater, biota, 
often with detrimental effect. The heavy metals in natural water may 
occur in forms ranging from particles from pure metals in suspension to 
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metal ion and complexes in solution. These may be present in truly 
dissolved form, colloidal and suspended forms. 
The toxicity of metals in water depends on degree of oxidation of 
giving metal ions, together with the forms of in which it occurs. The 
heavy metals can cause biochemical effect such as inhabitations of 
enzymes, genetic damages and hypertension, some heavy metals are 
carcinogenic. There are evidences that the presence of heavy metals in 
excessive concentration in portable water is associated with chronic 
diseases. The mortality from various type of cancer and concentration of 
several trace elements and water supply has also been reported. 
A survey of heavy metals contains in sub -surface water bodies in 
NCT, Delhi, has been carried out during three years w.e.f. 2005-2006-
2007. The heavy metals in groundwater samples collected from the 
different sources like tube wells open well, hand pumps (As per the 
method prescribed by APHA, 1971). Before analyzing the water samples 
were filtered and concentrated with HN03. The cadmium, chromium, Ni, 
Cu, Zn, Mn, Pb, Fe, were analyzed by using Perkin Elmer Atomic 
Adsorption Spectrometer. The details of these metals contained in various 
water bodies of the study areas together with their biological effects and 
remedial measures wherever possible are discussed as follows: 
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7.4.1 Cadmium (Cd) 
Surface waters that contain more than a few micrograms of 
cadmium per liter have probably been contaminated by discharges of 
industrial wastes or by leaching from areas of landfill, or from soils to 
which sewage sludge has been added (Commission of Eueopean 
Communities, 1979). Unpolluted waters generally contain less than 1 ug/ 
litre (Hiatt et al., 1975; Friberg, L et al., 1974). 
In the study area the concentration of cadmium ranges from 0.00 to 
0.05 with an average of 0.02 in 2005, from 0.09 to 0.25 with an average 
of 0.18 in 2006, and from 0.01 to 1.08 with an average of 0.18 in 2007. 
The prescribed permissible limit of cadmium by W.H.O, 1993 and 
desirable limit of the cadmium by B.I.S., 1991 in drinking water is 0.01 
mg/1. In the study area cadmium is observed more than both during 2005 
to 2007. 
Cadmium is not essential element for human body, high 
concentration of cadmium causes adverse effect on human body. Renal 
damage may take place when the concentration is high. Hypertension and 
cardiovascular diseases has also been associated with cadmium. Cd is 
responsible for several cases of poisoning, if consumed in high 
concentration along with contaminated water. Small quantities of Cd 
cause adverse cases of arteries in the human kidney. The evidence that 
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cadmium may be carcinogenic to man is rather weak although prolonged 
and heavy industrial exposures may constitute and increased risk of 
prostate cancer (Kipling 1967, Leman 1976). 
7.4.2 Chromium (Cr) 
Chromium is one of the most widely distributed heavy metals in 
the earth crust. It is usually found in two oxidation stage that is Cr+3, Cr+6. 
Cr+3 get easily oxidized to Cr+6 which is more toxic. Cr in the area is 
extensively used in metallurgical industries for manufacture of various 
alloys and steels. It is also used in electroplating, pigments, photographic 
materials, dyes and food preservatives and corrosion inhibitors. Several 
industries use chromate for making refractory materials and a number of 
Cr containing materials. 
All these wide ranging uses of Cr may be responsible for the higher 
level of Cr in groundwater in the NCT, Delhi. Higher levels of Cr due to 
pollution from electroplating viz. have been reported Kakkar and 
Bhatnagar (1981-1983). 
In the study area the concentration of chromium ranges from 0.01 
to 0.92 with an average of 0.42 in 2005, from 0.08 to 1.16 with an 
average of 0.44 in 2006, and from 0.00 to 1.28 with an average of 0.33 in 
2007. W.H.0 (1993) has prescribed 0.05 mg/l of chromium as the 
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maximum permissible limit. The analytical results show the chromium 
concentration ranged more than the permissible limit of W.H.O in the 
study area during 2005 to 2007. 
There is a tendency for the naturally occurring higher levels of 
chromium to be associated with waters of the greatest hardness 
(Commission of the European Communities, 1979). And there is firm 
evidence that there is and increased risk of lung cancer for workers who 
are exposed to high levels of chromium. 
7.4.3 Lead (Pb) 
Lead is highly bio-accumulative metal. The discharge of effluents 
of natural water on the land, the lead tend to localized in the groundwater 
near to the points of discharges, owing to low solubility of compound 
lead are formed on contact with soil and water. 
Lead is having a high affinity, absorption and it rapidly absorb on 
soil and bottom sediments due to high capability of organic matter to bind 
lead firmly. 
In the study area the concentration of lead ranges from 0.00 to 0.38 
with an average of 0.10 in 2005, from 0.00 to 0.68 with an average of 
0.25 in 2006, and from 0.03 to 0.18 with an average of 0.11 in 2007. The 
permissible limit is given 0.1 by W.H.O 1993. The concentration of lead 
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is marked under the permissible limits during 2005, 2007, but in 2006 the 
value is observed more than the permissible limits in the study area. 
Lead in high doses has been recognized for centuries as a 
cumulative general metabolic poison. Some of the symptoms of acute 
poisoning are tiredness, lassitude, slight abdominal discomfort, 
irritability, anemia and, in the case of children, behavioral changes 
(W.H.O., 1977).significantly higher lead bleed levels (>400 mg/liter) 
have been found in mentally retarded children (Moore, 1977).many 
animal studies have been carried out on the effects of lead on the 
haemopoietic, nervous, renal, cardiovascular, and reproductive systems 
(Drill et. al, 1979). As a result of ingestion of lead, there may be loss of 
appetite, fatigue, irritation, headache and vomiting. 
7.4.4 Copper (Cu) 
Cu is an essential element for human & plants and acts as 
micronutrients. Natural sources of Copper (weathering of sulphides ores) 
contribute a low concentration in groundwater. Copper and its 
compounds are ubiquitous in the environment and are thus frequently 
found in surface water. The nature of the copper in water depends on the 
ph and carbonate concentration in the water and the other anions in 
solution (McKee, et al., 1963). Various chemical and physical 
characteristics of the distributed water influence the leaching of copper 
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from the distribution system and household plumbing. Water stored in 
copper vessels tends to maintain the bacterial quality without 
deterioration (Dhabadgaonkar, 1980). 
In the study area the concentration of copper ranges from 0 to 0.35 
with an average of 0.04 in 2005, from 0.00 to 1.65 with an average of 
0.33 in 2006, and 0.00 to 0.97 with an average of 0.06 in 2007. The 
highest desirable limit of Cu 0.05mg/l is prescribed by W.H.O 1993. The 
concentration ranged below the desirable limits during 2005 to 07 in the 
study area but during 2007 it ranged more than desirable limits. Copper is 
involved in hemoglobin synthesis, connective tissue development and 
normal function of central nervous system. Copper deficiency is linked 
with anaemia, demineralization of bone etc. 
7.4.5 Nickel (Ni) 
Ni is one of the most ubiquitous element and may be present in soil 
and mainly in sulphides and oxides forms and its concentration may vary 
according to the mineral composition is soil. It is more abundant in the 
environment than the other common matters such as tin, lead; Ni enters 
the environment through the natural processes like weathering of 
minerals and rocks, geothermal emission. Nickel is ubiquitous; typical 
soils contain between 10 and 100 mg of nickel per kg (Commission of the 
European Communties, 1979). 
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In the study area the concentration of nickel ranges from 0.55 to 
4.37 with an average of 2.00 in 2005, from 0.02 to 0.14 with an average 
of 0.07 in 2006, and 0.01 to 1.19 With an average of 0.16 in 2007. The 
permissible limit is 0.3 given by B.I.S, 1991. The values of nickel are 
under permissible limits of BIS during 2006-07, but in 2005 it was 
observed more than the limit. 
In the study area NCT, Delhi, various manmade activities release 
significant amount of Ni into the environment. Among their most 
common are stream water runoff, sewage and sludge generation, 
Transportation and deposition of dust fly ash from coal burning, power 
plant and automobile industry. Ni concentration has been increased in soil 
strata with the application of sewage sludges. High level occupational 
exposures have been associated with renal problems, and effects such as 
vertigo and dyspnoea have been observed (Commission of the European 
Communities, 1979). 
7.4.6 Zinc (Zn) 
Zinc is an essential micro-nutrient and beneficial element for 
human bodies. The metallic element is present abundantly in natural 
sources. It may be present in natural water in moderate quantities 
however the public water supply W.H.O. 1993 suggests its concentration 
should not exceed 15 mg/L while the highest desirable limit is 5 mg/1. 
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In the study area the concentration of zinc ranges from 0.04 to 
14.38 with an average of 1.58 in 2005, from 0.11 to 6.05 with an average 
of 0.89 in 2006, and from 0.00 to l.Olwith an average of 0.28 in 2007. 
The values of zinc are under the desirable limits of W.H.O, 1993 in the 
study area during 2005 to 2007. 
It may be contributed by industrial effluents particularly 
electroplating, waste containing high level of zinc. Zn in drinking water 
may cause a metallic taste. Although, traces of Zn may be naturally 
present in water, however, the industrial waste is the usual source. A 
large quantity of Zn is used in non-ferrous industries, which are 
manufacturing - Zn plate, polishing, dying, electroplating and other 
product, may contribute substantially to the various water courses. 
Pregnant women and mothers of new born babies require up to 16 mg/ 
day. Symptoms of zinc toxicity in humans include vomiting, dehydration 
electrolyte imbalance, abdominal pain, nausea, lethargy, dizziness, and 
lack of muscular coordination (Prasad et al., 1976). Acute renal failure 
caused by zinc chloride has been reported (Csata, et al., 1968). 
7.4.7 Manganese (Mn) 
Mn, is a raddish grey or silvery soft metallic element, is in nature. 
The most important commercial sources of Mn are pyrolucite (Mn02) 
containing 62 to 63% Mn. Mn is highly toxic to the humans but not at the 
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concentration normally found in water and in a chemical sense is a very 
similar to iron. The important natural sources of Mn are soil, sedimentary 
and metamorphic rocks. The high concentration of Mn in the water of this 
area is mostly due to predominance of ferrous metals industries. In the 
study area the concentration of manganese ranges from 0.00 to 3.11 with 
an average of 0.14 in 2005, from 0.00 to 0.59 with an average of 0.07 in 
2006, and 0.00 To 0.16 with an average of 0.05 in 2007. The highest 
desirable limit of Mn 0.05mg/l is prescribed by W.H.O 1993. The 
concentration of manganese is observed more than desirable limit during 
2005 to 2007. Only up to the limit concentration is marked in 2007. 
Some of the places where Mn contained in area exceeded the 
permissible limit for drinking water. The Mn is also an essential element 
for the nutrition of man it does 
Not appear to have toxicological significance in drinking water in 
quality present in natural water. Manganese is also an essential element 
for nutrition of man. It does not appear to have toxicological significance 
in drinking water at the quantities generally present in natural waters. 
7.5 GRAPHICAL PRESENTATION AND HYDROCHEMICAL 
FACIES 
An important task in ground water investigation is compilation of 
chemical data in a convenient manner for visual inspection. For this 
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purpose graphic representation are useful for display, comparing analyses 
for emphasizing similarities and differences. A variety of graphic 
techniques have been developed for showing the hydrochemical data. In 
the present study Gibbs variation diagram, tri-liner piper diagram, 
modified piper, SAR US salinity diagram, Wilcox diagrams have been 
used for the presentation of the results of chemical analysis. Bar diagram 
has been prepared for representing the individual average concentration 
of major ions in 600 different sampling stations. 
7.5.1 Trilinear Piper Diagram: 
The trilinear diagrams are useful for visually plotting the difference 
in major-ions chemistry in ground water flow system. In order to present 
water composition in convenient manner by identifiable groups, Back 
(1961, 1966), and Morgan and Winner (1962) have developed the 
concept of Hydrochemical facies. Hydrochemical facies are distinct zones 
that have cation and anion concentrations describable within defined 
composition categories. According to Back (1961) the term 
hydrochemical facies is used to describe the bodies of ground water in an 
aquifer that differ in their chemical composition. The facies are a function 
of lithology, solution kinetics and flow pattern of the aquifer (Back, 
1966). 
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The present values of cations and anions of pre-monsoon and post-
monsoon (2005 to 2007) groundwater samples have been plotted on tri-
linear diagram (Fig. 7.6, 7.7 and 7.8), in order to designate hydrochemical 
facies of the study area Morgan and Winner (1962) and Back (1966). The 
plotting of analytical results shows that sodium or potassium is the 
dominant facies among the cations. 
About 68% of the samples in pre-monsoon and 48% in post-
monsoon samples found to fall in sodium-potassium-potassium type 
facies. Only two samples fall in calcium type facies and the 20 % in pre-
monsoon and 30%> in post-monsoon samples fall in no dominant type, 3 
in pre-monsoon falls in magnesium type. Among the anion facies 
majority of the samples fall in no dominant type facies followed by 
bicarbonate type facies and 4% samples belong to chloride type facies in 
2005 and the similar trend has been observed in the pre and post-
monsoon period 2006 and 2007. 
7.5.2 Sodium Adsorption Ratio (SAR) and salinity hazards: 
Suitability of water for agricultural purposes can better be assessed 
by Sodium Adsorption Ratio (SAR) because of its direct relation to the 
adsorption of sodium by soil, it is defined as follows: 
£ A R =
 N a 
V(Ca+Mg)/2 
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The concentration of the constituents is expressed in milli 
equivalent per litre. The quality classification of irrigation water as 
suggested by U.S. salinity laboratory is given in Appendix VII-C, VII-D, 
VII-G, VII-H, VII-K, and VII-L. 
Table 7.2: Quality classification of irrigation water (after U.S.S.L., 1954). 
Salinity hazards (E.C. in 
Us/cm) 
< 250 (CI) 
250 - 750 (C2) 
750 - 2250 (C3) 
> 2250 (C4) 
Alkali hazards (SAR) 
< 10(Sj) 
10-18 (S2) 
18-26 (S3) 
> 26 (S4) 
Water class 
Excellent 
Good 
Moderate 
Poor 
205 
500 1000 1500 2000 
Fig. 7.9 Plot of SAR values against EC values of year 2005 in Delhi. 
(US Salinity diagram, after Richard 1954) 
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(US Salinity diagram, after Richard 1954) 
The electrical conductivity and sodium adsorption ratio are plotted 
on U.S. salinity diagram which gives direct indication of the salinity and 
alkali hazard. The salinity hazard increase as the soils become finer 
grained and 
Aridity increase resulting in the concentration of salt in the soil 
that may require periodical leaching. Excessive sodium content in water 
renders it unsuitable for soils containing exchangeable calcium and 
magnesium. (Fig. 7.9, 7.10 and 7.11) shows that most of the samples of 
pre-and post-monsoon belongs to the categories of C3S1, C3S2 and C3S3 
which falls within the zone of moderate to good water quality class. C4S2 
and C4S3 Class are moderate to bad water zone. During 2005-2007 the 
SAR values in 80 out of 100 samples were less than 10 and EC values is 
about 35% of the water samples are greater than 1500 u,S/cm, hereby 
indicating low alkali hazard and high salinity hazard. 
7.5.3 Water Quality Standards for Irrigation 
Utilization of ground water for irrigational purpose depends on 
many factors such as texture and composition of soil, type of crop, 
climate, irrigational practices and finally chemical quality of ground 
water, with regard to the quality of water for irrigation, the major 
parameters of concern are salinity, dissolved solids, conductivity, toxic 
trace elements and herbicides. Besides, the presence of sodium is also an 
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important parameter, the excess quantity of which can deteriorate the soil. 
High value of sodium may also damage the sensitive crops because of 
sodium totoxicity - Wilcox (1955) proposed a classification based on the 
Electrical conductivity, sodium percent and iron concentration for 
irrigation water. The sodium % is calculated by the following formula 
given by Todd, 1980. 
o /oNa = (Na+K)100 
(Ca + Mg + Na + K) 
The value of individual constituents is taken in epm. Sodium ions 
have a tendency to be adsorbed by soil collides. Increase of sodium ion 
contents in water beyond 43% replaces the ions like Ca + Mg in soil by 
Base Exchange. Percent sodium upto 52% is acceptable for irrigational 
use above which alkalization steadily increases. This will support little or 
no plant growth. The following classification based on percentage sodium 
and electrical conductivity of water for irrigation has been given by the 
Wilcox, 1955. 
Table7.3: Quality classification for irrigation (WiIcox,1955) 
(E.C. in jis/cm) Na % Water class 
<250 <20 Excellent 
250 - 750 20 - 40 Good 
750 - 2000 40 - 60 Permissible 
2000-3000 60-80 Doubtful 
> 3000 > 80 Unsuitable 
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The values of percent sodium against EC are compared an plotted 
on Wilcox (fig 7.12, 7.13 and 7.14).the plot reveal that there is variation 
in the water quality of the area. 17% in pre-monsoon and 21% in post-
monsoon of the water samples fall in excellent to good and good to 
permissible. About 38 % in pre-monsoon and 34% in post monsoon 
belongs to permissible to doubtful and 7 % of the samples fall in the 
suitable class in 2005. The trend also observed in 2006 and 2007. 
7.5.4 Gibbs variation Diagram: 
Gibbs (1970) variation diagram has been used to study the 
mechanism controlling water chemistry. It is observed that the water 
chemistry of the area occupies the field of rock dominance. The 
mechanism controlling water chemistry and functional source of 
dissolved ion can be assessed by plotting hydrochemical data according 
to the variation in the ratios of Na+: (Na+ + Ca2+) and CI: (CI" + HC03') as 
functions of TDS. The plot of data on the diagram suggest that chemical 
weathering of rock forming minerals and evaporation are the dominant 
factor controlling groundwater chemistry in the area.(Fig 7.15, 7.16, 7.17) 
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Fig. 7.15 Chemical data for groundwater plotted in 
accordance with the scheme of Gibbs (1970) 2005. 
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accordance with the scheme of Gibbs (1970) 2007. 
7.5.5 Modified Piper 
Modified piper diagrams (Chadha, D.K., 1998) have been used for 
a suitable classification of natural water and also study their geochemical 
behavior. In the modified piper diagram the difference in percentage 
between alkaline earths (calcium and magnesium) and alkali metals 
(sodium and potassium) in terms of percentage reacting values is plotted 
on x-axis while the difference in percentage between weak acidic anions 
(carbonate and bicarbonate) and strong acidic anion (chloride and 
sulphate) in terms of percentage reaction values is plotted on Y-axis. For 
representing the primary character of water, the rectangular field is 
subdivided into sub fields each representing different water type. 
It is observed from the (fig 7.18, 7.19 and 7.20) that the majority of 
the pre-monsoon water samples fall in sub field 7, about 47%, of the 
samples which suggested that alkali metals exceed alkaline earths and 
weak acids exceed strong acids and about 26 % of water samples fall in 
sub field 8, representing Ca-Mg-Hco3 type and Na -Hco3 type water. 19 
% samples fall in sub field 6 which show that alkaline earth exceed alkali 
metals and strong acid exceed weak acids represents Ca-Mg-Cl type 
water. The majority of the post-monsoon water samples fall in the sub 
field 6, about 32 %, in sub field 7 and sub field 8 about 31 % and 28 
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%respectively in 2005, more or less similar trend has been observed in 
2006 and 2007. 
7.6 CORRELATION MATRIX AMONG THE VARIOUS 
WATER QUALITY PARAMETERS 
Water is the most abundant essential component and is a universal 
solvent. Because of unabated increase in the deterioration of surface 
water quality, ground water is perhaps the most important component of 
the total water system for human consumption. Correlation among water 
quality parameters greatly facilitate the task of rapid monitoring of water 
quality (Tiwari and Ali, 1998). Jain and Sharma (1997) have calculated 
correlation in order to ascertain the relationship among water quality 
parameters of ground water. 
In the present study correlation among various chemical variables 
in pre-monsoon and post-monsoon have been calculated (Table 7.3 and 
7.6) respectively. The highest positive correlation (0.999) in pre and 
(0.968) in post-monsoon found between electrical conductivity and total 
dissolved solids which indicates that the electrical conductivity in the 
ground water of the area is due to total dissolved solids. The high 
correlation of electrical conductivity, total dissolved solids, sodium and 
potassium with magnesium sodium, potassium and chloride also 
observed. This indicates that the water of the area contains chloride salt 
222 
of sodium and potassium. A positive high correlation between sodium 
and chloride is an indicative of sodium chloride in the waters. The highest 
negative correlations were observed between pH and hardness, (-0.566) 
in pre monsoon and pH and calcium (-0.469). The high correlation also 
observed between the electrical conductivity with chloride. Ph and 
carbonate (-0.498) in post monsoon, has been observed, in all years (2005 
to 2007). The high correlation is also observed between EC & sulphate, 
sodium and sulphate and sodium and chloride. 
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CHAPTER - VIII 
ARTIFICIAL RECHARGE AND GROUNDWATER 
AUGMENTATION 
8.1 GENERAL INTRODUCTION 
During the past four decades, there has been a phenomenal increase 
in the growth of groundwater abstraction structures due to 
implementation of technically viable schemes for development of the 
resource, backed by liberal funding from institutional finance agencies, 
improvement in availability of electric power and diesel, good quality 
seeds, fertilizers, government subsidies, etc. During the period 1951-92, 
the number of dugwells increased from 3.86 million to 10.12 million, that 
of shallow tubewells from 3000 to 5.38 million and public bore/tubewells 
from negligible to 68,000. The number of electric pump sets has 
increased from negligible to 9.34 million and the diesel pump sets from 
66,000 to about 4.59 million. There has been a steady increase in the area 
irrigated from groundwater from 6.5 Mha in 1951 to 41.99 Mha in 1997. 
During VIII Plan, 1.71 million dugwells, 1.67 million shallow tubewells 
and 11,400 deep tubewells are added. Similarly number of electric pump 
sets and diesel pump sets is expected to rise by 2.02 million and 0.42 
million respectively. 
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Such a magnitude of groundwater development with sub optimal 
planning has resulted in creating deleterious effects in terms of 
groundwater depletion and quality deterioration. The combination of 
these challenges emerging in different parts of country needs a suitable 
groundwater management approach. Augmentation and artificial recharge 
to groundwater reservoir offers a positive approach to overcome the 
problems of groundwater scarcity. 
8.2 CONCEPT OF ARTIFICIAL RECHARGE TO GROUNDWATER 
Artificial recharge of aquifers is defined as augmentation of 
groundwater resources, brought about as a result of man's activities. It is 
carried out to hold surface runoff and encourage infiltration to aquifers 
through the construction of suitable recharge structures. Aquifer recharge 
is applied for enhancing groundwater resource which can be utilized for 
various purposes by the society. 
8.2.1 Rural Areas 
Groundwater resources are abstracted mainly for irrigation and 
drinking purposes in rural areas. In areas where majority of irrigation is 
dependent on groundwater resources, groundwater levels show declining 
trend in long run unless replenishment of the aquifers takes place 
simultaneously. Excessive withdrawal of groundwater is generally not 
balanced through natural process of recharge and aquifers need to be 
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recharged artificially. Feasibility for construction of artificial recharge 
structures depends on various factors such as: 
• Rock / soil type / geomorphology 
• Land use classes / irrigation pattern / type of crop / cropping 
pattern 
• Network of canal (lined/unlined) / natural drainage (ephemeral / 
perennial) / surface water bodies 
• Hydrogeological properties of aquifer and overlying formations 
• Physical and hydraulic boundaries of the aquifers 
• Number of groundwater extraction structures / withdrawal rate / 
water quality / water level and fluctuation rate / flow directions 
• Availability of surplus water and demarcation of catchment area 
for recharge site, selection of recharge structure and its design 
8.2.2 Urban Areas 
In urban areas, with increasing demand of water, pressure of 
groundwater resources has increased tremendously. Groundwater is 
abstracted by the water supply agencies, industrial units and individuals 
as per their need, whereas natural recharge in urban areas has decreased 
significantly due to urbanization and change in land use practices. Even 
open area for constructing recharge structures is not easily available now 
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days in urban areas. The factors need to be considered for selecting 
feasible sites for recharge structures in urban areas are indicated below: 
• Lithology, structures and geomorphological features in the area 
• Land-cover and land-use classes / drainage, lined / unlined drains 
• Availability of surplus water / rain runoff 
• Demarcation of landfill, sewage treatment plants and industrial 
sites 
• Use of groundwater, extraction pattern, quality, water level and 
fluctuation rate, flow direction, fresh-saline water interface 
• Selection of buildings with larger roof area and design of structure 
8.3 OBJECTIVES AND BENEFITS OF ARTIFICIAL 
RECHARGE TO AQUIFERS 
Artificial recharge to aquifers is a water resource management 
strategy and applied in specific areas with the following objectives: 
i) To stabilize or raise groundwater levels in over-exploited areas 
ii) Reduce losses through evaporation and runoff 
iii) Arrest flood / storm runoff and soil erosion 
iv) Maintain longer flows in streams / rivers / spring 
v) Rejuvenation of dry rivers / springs 
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vi) Arrest saline water ingress in fresh water aquifers inland and 
coastal areas and 
vii) To reduce the gap between supply and demand of groundwater 
8.4 NEED FOR SCIENTIFIC INPUTS FOR EFFICIENCY OF 
THE RECHARGE PROJECTS: 
Detailed knowledge of geological and hydrological features of the 
area is essential for selecting the site and type of recharge structure. 
Hydrometeorological studies are important to decipher the rainfall 
pattern, evaporation losses and other climalic features. The data on 
rainfall intensity, number of rainy days etc. help in deciding the capacity 
and design of the artificial recharge structures. Before undertaking a 
recharge project, it is necessary to ascertain the availability of source 
water for the purpose of recharging the groundwater reservoir. The 
success of an artificial recharge project depends largely on the local 
hydrogeological set up and the ability of aquifers to store the recharged 
water. In case of artificial recharge through surface techniques, soil and 
land use conditions, which control the rate of infiltration and downward 
percolation of the water, assume special importance. The maps providing 
information on regional hydrogeological units, their groundwater 
potential and general pattern of groundwater flow / fluctuations and 
chemical quality of water in different aquifers are necessary. Remote 
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Sensing and Geophysical techniques are also used as supplementary tools 
to narrow down the target zone, pinpoint the probable site for artificial 
recharge structure and its proper design. The geophysical methods are 
also utilized to identify the brackish - fresh groundwater interface, 
contaminated zone and areas prone to saline water ingress. 
8.5 SOURCE WATER FOR ARTIFICIAL RECHARGE: 
The availability of source water is one of the prime requisites for 
groundwater recharge. Four types of source water may be available for 
recharge viz. 
1. In situ precipitation on the watershed. 
2. Surface water supplies from perennial / ephemeral rivers, lakes/ 
ponds or reservoirs located within the basin. 
3. Surface supplies through canal system from another basin 
4. Treated municipal and industrial wastewaters 
Surface water is generally the prime source of recharge water. Most of 
the times, the water of the ephemeral rivers aie diverted or slowed down 
by constructing barriers. Runoff in ephemeral streams generally carries 
considerable quantities of silt in suspension depending on land cover and 
the turbulence which can cause clogging if water is used directly in 
recharge facilities. Settling ponds are, therefore, recommended before 
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water enters infiltration pond / chamber. Water from perennial rivers is 
also diverted to nearby recharge facilities or channelised to distant 
recharge facilities depending "upon the conditions of source water 
availability and need for recharge in the area. In hilly and snow bound 
areas (cold arid regions), snow harvesting is also practiced to recharge the 
aquifers by storing the snow in artificially created fields to give 
sustainability to springs existing downstream. This is commonly 
practiced in Ladakh region in Jammu and Kashmir. 
Urban areas generate significant quantities of rain water runoff 
which can be utilized for the purpose of artificial recharge to aquifers. 
This runoff is highly variable in quantity with peak discharges occurring 
after heavy rainfall in arid, semi arid and humid climate areas. In arid, net 
precipitation rate is low, rainfall events are infrequent / short duration and 
mostly high intensity storms bring a major portion of the annual rainfall 
to the surface during a very short period of time. Hence, water availability 
in such areas is sporadic and highly variable in intensity. For managing 
runoff in such areas, techniques to modify watershed surface, storage 
capacity and recharge methodology would be different from those to be 
applied in humid climate. In order to obtain a more consistent supply, 
infiltration and storm-water retention ponds, grassed areas and porous 
pavements are recommended. The best quality runoff water in urban 
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areas is from rooftops and increasingly initiatives are being made to 
direct this water immediately to groundwater recharge through infiltration 
galleries, wells and boreholes. This not only replenishes urban aquifers 
that are often over-exploited, but also introduces good quality water in 
dynamic groundwater resource. 
Rural areas having large open areas generally generate huge 
surface runoff from agricultural fields as well as from uncultivated land 
during intense rainfall. This runoff can also be channeled into hand-dug 
wells to recharge the aquifer directly. Such practices are common in some 
parts of Saurashtra Region in Gujarat State and have shown encouraging 
rise in water levels and longer period availability of water for irrigation. 
The contaminant load in rural runoff from agricultural lands have the 
possibility of including residual pesticides and fertilizers as well as faecal 
matter from livestock, human and other sources. Recharging of such 
runoff directly into the aquifer has the risk of contamination of aquifer. 
8.6 SITE SELECTION FOR ARTIFICIAL RECHARGE 
Implementation of artificial recharge projects are generally site 
specific and even the replications of the techniques for similar areas need 
to be modified on the basis of local hydrogeological and hydrological 
environments. The artificial recharge of groundwater is normally taken in 
the areas for following reasons: 
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i. Groundwater levels are declining on regular basis, 
ii. Substantial amount of aquifers has already been desaturated. 
iii. Availability of groundwater is inadequate in lean months, 
iv. Salinity ingress is taking place inland or coastal zone, 
v. Groundwater source is contaminated. 
8.7 GROUNDWATER SCENARIO AND RECHARGE PRACTICES 
IN INDIA 
Indian subcontinent has a wide spectrum of physiographic, 
hydrogeological and hydrometeorological features varying from snow 
clad mountains in the north to desert in the west with a coastline of more 
than 6000 km. Average annual precipitation over the country is about 
4000 BCM. Due to tropical climate and its geographic location, the 
country experiences vast spatial and temporal variations in precipitation. 
About one-third of the country's area is drought prone. The hard rock 
area predominates in the State of Tamil Nadu, Andhra Pradesh, 
Karnataka, Madhya Pradesh, Maharashtra, Rajasthan and Gujarat and is 
drought prone, whereas Uttar Pradesh, Bihar, West Bengal and Assam 
experience periodic floods. Major river basins have annual average runoff 
of about 1869 BCM. The average annual utilizable surface water is 690 
BCM and a vast amount of runoff joins sea. 
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Total annual replenishable groundwater resource of the country has 
been assessed as 432 BCM. The country has experienced accelerated 
development of groundwater resources in last quarter century, being 
reliable resource accessible to all. Easy accessibility to groundwater 
resource has led to its widespread exploitation in rural and urban areas of 
the country. Net annual groundwater availability is 399 BCM and is 
annual groundwater draft is 230 BCM in the country. The States of Tamil 
Nadu, Andhra Pradesh, Karnataka, Madhya Pradesh, Maharashtra, 
Punjab, Haryana, Gujarat and Delhi have large number of over exploited 
and critical blocks (assessment units) where groundwater development is 
extensive and cannot be overlooked. Groundwater is essential for 
sustainable development of the country and it is necessary that runoff is 
harvested and recharged to aquifers through suitable techniques of 
artificial recharge to arrest continuously declining water levels and 
depleting groundwater resources in major part of the country. 
Experiments on artificial recharge to aquifers started in India from 
1970 onwards by Central & State Governments and individually by 
NGOs in various parts of the country where early signs of 
overexploitation of groundwater were noticed. The Central Groundwater 
Board undertook artificial recharge experiments through injection well 
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around Kamliwala in Central Mehsana (Gujarat) where sufficient water 
was available from Saraswati River during monsoon period. 
Similarly spreading test through channel and recharge pit were 
carried in coastal areas of Saurashtra, Gujarat. The Board undertook 
another artificial recharge study in the Ghaggar river basin with the 
assistance of UNDP during the period 1976-78 at Kandi area and 
Narwana Branch area, Dabkheri and indicated area as suitable for 
recharge through pond and spreading basin in Kandi area and through 
injection wells at Narwana. 
Several experiments recharge and rainwater harvesting pilot 
projects were carried out at Saurashtra, Ahmedabad city and Kutch in 
Gujarat, farm rain water management at Raipur, Percolation tanks/check 
dams in Andhra Pradesh, Percolation channels and Bandharas in 
Maharashtra, subsurface dykes in Kerala, roof top rainwater harvesting 
and recharge in urban and hilly areas by the Central Groundwater Board, 
State Governments and Non-Government Organizations. 
Pilot artificial recharge studies in different hydrogeological and 
agro-climatic set ups to develop model recharge structures were taken by 
the Central Groundwater Board. Pilot Projects were taken up in areas of 
over exploited, dark, grey blocks or affected by groundwater 
pollution/salinity ingress having surplus monsoon runoff and sufficient 
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subsurface storage. Roof top rainwater harvesting and recharge studies 
were also taken up in hilly terrain like Jammu & Kashmir, Himachal 
Pradesh, Assam, Meghalaya, Nagaland, Mizoram and other hilly regions 
which generally face scarcity of even drinking water during lean period. 
8.8 ARTIFICIAL RECHARGE TECHNIQUES AND THEIR 
IMPLEMENTATION IN VARIOUS PARTS OF INDIA 
8.8.1 Flooding 
Flooding technique is useful in areas having favorable 
hydrogeological situation for recharging the unconfmed aquifer by 
spreading the surplus surface water from canals / streams over large area 
for sufficiently long period of time so that it recharges the groundwater 
body. Water recharged to groundwater can be pumped out during 
summer. A pilot project was implemented at Chetua to Jamuna, Pandua 
block, Hoogly district in West Bengal by the Central Groundwater Board 
in IX plan. 
8.8.2 Recharge Basin or Percolation Tanks 
Recharge basins are either excavated or enclosed by levees. In 
alluvial areas, multiple recharge basins are generally constructed parallel 
to streams for recharging purposes. Percolation tanks generally have 
bunds with large reservoir areas. Percolation tanks are artificially created 
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surface water bodies submerging a highly permeable land area so that the 
runoff is made to percolate and recharge the groundwater storage. At 
places, vertical shafts are also constructed in percolation tanks to enhance 
the recharging process (Fig 8.1) and (Fig 8.2). 
Such structures for recharging are constructed at Watershed TE-11 
Jalgaon district, Maharashtra, at Chirakulam in Kottayam district, Kerala, 
Sikheri village and Tumar watershed in Mandsaur & Dewas districts 
Madhya Pradesh (Table 8.1). 
Fig 8.1 Plate showing percolation tank 
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Fig 8.2 cross section of percolation tank 
Table 8.1: Impact Analysis and Results of Artificial Recharge through 
Percolation Tanks Constructed under Central Sector Scheme 
Name of the scheme 
Watershed TE-17, 
Yaval Taluka, Jalgaon 
districts, Maharashtra 
WR-2 Warud Taluka, 
Amravati district, 
Maharashtra 
Artificial recharge 
studies in Kolar 
districts Karnataka 
Watershed TE-11, 
Jalgaon, district 
Maharashtra 
Percolation 
Tanks 
constructed 
6 nos. 
3 nos. 
1 no. 
2 nos. 
Cost (Rs. 
in lakhs) 
23.55 
76.98 
10.35 
26.60 
Additional 
recharge 
(TCM) 
681 
298 
Sustainability 
to abstraction 
structures 
increased 
38 
Rise in 
water 
level (m) 
1 to 5 
4 to 10 
1 to 3.5 
Oto 1 m 
Area 
benefited 
(ha) 
545 
280 
Crop 
intensity 
increased 
(2 to 3 
crops 
annually) 
150 
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8.8.3 Gully Plug / Check Dam / Nala Bund / Gabbion Structures 
Gully Plugs, the smallest runoff conservation structures built across 
small gullies and streams conserve runoff and enhance recharge locally 
during season. The sites for gully plugs are chosen wherever there is a 
local break in slope to permit accumulation of adequate water behind the 
plugs (Fig 8.3). Check dams / plugs, small bunds or weirs are also 
constructed across selected nala sections to impede the flow of surface 
water in the stream channel for allowing longer period of recharge 
through channel bed (Fig 8.4). Nala bunds and check dams are 
constructed across bigger nalas of second order streams in areas having 
gentler slopes (Fig 8.5). 
CONTOUR BUND 
Fig 8.3 Gully plug 
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Fig 8.4 Check dam 
To hardness the maximum runoff in the stream, series of check clams are 
constructed to have recharge on large scale in watershed. A nala bund is a 
small earthen dam which acts like a mini percolation tank. Gabbion 
structure is low height check dam commonly constructed across small 
stream to conserve stream flow with practically no submergence beyond 
stream course. The boulders locally available are stored in a steel wire 
mesh and put across the stream channel as a small dam by anchoring it to 
the streamside. The excess water overflows these structures storing some 
water to serve as source for recharge (Table 8.2), (Fig 8.6) and (Fig 8.7). 
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Fig 8.6 Plate of Gabbion structure 
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Fig 8.7 Gabbion structure 
8.8.4 Injection Well 
Injection well is a recharge well similar to tube well but made with 
the purpose of augmenting the groundwater storage of a confined aquifer 
by pumping in treated surface water under pressure. Injection well is 
generally opted when land is scarce, as in urban areas. The aquifer to be 
replenished is generally over-exploited by tube well pumpage and has 
declining trend of water level. At certain places, because of the confining 
layers of low permeability, the aquifers do not get natural replenishment 
from the surface and need direct injection of water through recharge well. 
Artificial recharge of aquifers by injection recharge wells is also suitable 
for coastal regions to arrest the ingress of sea water and also to combat 
247 
the problems of land subsidence in areas where confined aquifers are 
heavily pumped. For implementation of injection well recharge to 
aquifers, it is important that the geometry of the aquifer and the actual 
location and extent of recharge should be known so that water can also be 
pumped from those places during the time of need. Water for recharging 
is to be properly treated for removal of suspended material, chemical 
stabilization and bacterial control. Chlorination of recharge water can also 
be done to prevent development of bacterial growth. The injection well is 
to be periodically redeveloped for efficient running (Fig 8.8). 
8.8.5 Recharge Wells/Dug Well Recharge/Borehole Flooding 
Ordinary bore wells, tube wells and dug wells can be used as 
recharge wells, whenever surplus water is available. In such cases 
recharge takes place by gravity flow. In areas where water levels are 
declining due to over development, using available abstraction structures 
for recharging aquifers is the immediately available option. In areas of 
heavy groundwater exploitation, the dug wells and shallow bore wells 
often get partially or fully dried up during summer. The rock material 
exposed in these wells is permeable and the unsaturated horizon of 
phreatic aquifer can be good repository of water if recharged with surplus 
available water. These wells can be used for pumping as well as for 
recharging process (Fig 8.9). 
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Fig 8.9 dug well 
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A project of roof top rain water harvesting through dug well 
recharge at Kavikulguru Institute of Technology and Science (KITS), 
Ramtek, Nagpur district, Maharashtra has been implemented. An area of 
20 hectare had been benefited by storing 8000 cubic meters of water 
annually in addition to existing resources through this pilot scheme. 
8.8.6 Recharge Pits / Tench and Shafts 
It is observed that phreatic aquifers are not always hydraulically in 
connection with the surface water. Generally on a regional scale 
impermeable layers or lenses form barrier between the surface water and 
water table, and thus the water spreading methods show low efficiency in 
recharge. For effective recharge of the aquifers, the less permeable zones 
are required to be penetrated so that the aquifer zones can receive 
recharge. Recharge pits overcome the difficulty of artificial recharge of 
phreatic aquifer from surface water sources. Recharge pit is excavated 
sufficiently deep to penetrate less permeable strata. In recharge pit, water 
does not directly allowed to mix directly at water table but infiltrated 
through the vadose zone. In many recharge pits infiltration occur laterally 
through the wall of the pit, because in most layered sedimentary rocks or 
alluvial sediments, the lateral hydraulic conductivity is considerably 
larger than the vertical and (Fig 8.10). Recharge trench is a special case 
of recharge pit, in which some times bore wells are drilled to increase its 
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recharge capabilities. In case aquifers are located below the land surface 
and overlain by poorly permeable strata, a recharge shaft similar to a 
recharge pit but much smaller in cross section is constructed (Fig 8.11). 
Recharge shaft is also a most efficient and cost effective technique to 
recharge unconfined aquifer overlain poorly permeable strata and may be 
dug manually if the strata is of non caving nature. The diameter of shaft 
is normally more than 2m (Fig 8.12). Similarly Recharge pits with 
recharge shafts have been constructed at Lodi garden, New Delhi. 
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Table 8.2: Impact of Recharge through other Recharge Structures (Check 
dam/Nala bund/Cement Plug & Subsurface Dyke) 
Name of the scheme 
JNU, I IT and Sanjay 
Van, NCT, Delhi 
Rooftop rain water 
harvesting at Shram 
Shakti Bhawan, New 
Delhi 
Artificial recharge 
scheme for President 
Estate, New Delhi 
Structures 
constructed 
Cement Plug-
10 nos. 
Recharge 
trench (3) 
Injection well 
(2) 
Recharge 
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8.9 Induced Recharge from Surface Water Sources 
It is an indirect method of initiating recharge by pumping from 
aquifer hydraulically connected with surface water to induce recharge to 
groundwater reservoir. When the cone of depression intercepts river 
recharge boundary, a hydraulic connection gets established with surface 
source which starts providing part of the pumpage yield. 
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Fig 8.13 induced recharge 
For obtaining very large water supplies from river bed / lake bed or 
waterlogged areas, collector wells are constructed. Such wells have been 
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installed in river beds at Delhi, Gujarat, Tamil Nadu and Orissa. The 
large discharges and lower lift heads make these wells economical even if 
initial capital cost is higher as compared to tube well. In areas where the 
phreatic aquifers adjacent to the river are of limited thickness, horizontal 
wells are more appropriate than vertical wells. Collector well with 
horizontal laterals and infiltration galleries get more induced recharge 
from the stream (Fig 8.13). 
8.10 Subsurface Dykes / Underground Bandharas 
Subsurface dyke is a subsurface barrier across a stream which 
retards the natural subsurface / groundwater flow of the system and stores 
water below ground surface to meet the demand during the period of 
need. The main purpose of groundwater dam is to arrest the flow of 
groundwater out of the sub-basin 
And inciease the storage within the aquifer. In Maharashtra State, 
groundwater dams are called by the name of Underground Bandharas and 
widely used as water conservation measures. Subsurface dyke and check 
dam cum underground dams have been constructed by the Central 
Groundwater Board (Fig 8.14). 
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Fig 8.14 Subsurface dykes 
8.11 Roof Top Rainwater Harvesting and Aquifer Recharge in NCT 
Delhi 
In urban areas where open land is not commonly available, rooftop 
rain water can be conserved and used for recharge of groundwater. This 
approach requires connecting the outlet pipe from roof top to divert the 
rain water to either existing wells/tube wells / bore wells or specially 
designed recharge trench / recharge shaft cum bore well. Drain pipes, 
roof surfaces and storage tanks should be constructed of chemically inert 
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materials such as plastics, aluminium, galvanized iron or fiber glass, in 
order to avoid contaminating the rainwater. 
Urban housing complexes, historical forts and institutional 
buildings generally have large roof area and can be utilized for harvesting 
rooftop rainwater to recharge the depleted aquifers. 
8.11.1 Artificial Recharge to Groundwater in the President's Estate, 
New Delhi 
President's Estate is having an area of aboutl.30 sq.km and located 
right on the Northern flank of the Delhi ridge. The annual Normal rainfall 
of the area is 712.2 mm. It is estimated that about 100,000 cum runoff is 
generated in the area. Area around President's Estate is extensively 
developed. Extensive groundwater development in this area has resulted 
in progressive decline in groundwater levels in the last one decade. Depth 
to water level ranges from 6-13 m in the area, by and large 4 m thick 
aquifer over an area of 0.7sq.km. is dried up. About 11,000 cum 
subsurface storage capacity are available from the dried up aquifer to 
facilitate additional recharge. Major benefit of the scheme is proper 
utilization of the available runoff, arresting the declining groundwater 
levels in the area and to provide sustainability to the existing nearby 
groundwater Abstraction structures (Fig. 15). Salient features of the 
project are as follows: 
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• Source of water Rainwater and Swimming pool water 
• Average Monsoon rainfall 712.2 mm 
• Depth to water level 6-13 mbgl 
• Water available for recharge 31,300 cum 
• Structures proposed 
o Recharge through existing well 2 
o Injection well 1 
o Recharge shaft 1 
o Recharge trenches with injection well 2 
• Expected recharge 28170 cum 
• Expected rise in groundwater level 0.13 m 
• Cost of the scheme 12.73 lac 
• Average life of structures 25 years 
8.11.2 Artificial Recharge to Groundwater in Kushak Nala, New 
Delhi 
Kushak Nala, a storm water drain is originating from Birla Mandir. 
It drains whole of Budha Jayanti Park. Effective catchment area of the 
drain for the present recharge scheme is about 3.5 sq.km. The annual 
normal rainfall of the area is 712.2 mm. It is estimated that about 0.142 
MCM rainfall-runoff generates from the area. Nala bed is underlain by 6-
7 m thick overburden followed by weathered/fractured quartzites. Depth 
to groundwater level varies from 14 to 17 mbgl. The scheme is for 
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utilizing the surplus rainfall - runoff generated in the area. Recharge to 
the groundwater is proposed through two Gabion bundhs and two Nala 
Bundhs (Fig.8.16). Major benefit of the scheme is proper utilization of 
available runoff, arresting the declining groundwater levels in the area 
and to provide sustainability to existing groundwater abstraction 
structures. Salient features of the project are given below: 
Rain water 
712.2 mm 
14.0-17.0 mbgl 
Source of water 
• Average Annual rainfall 
• Depth to groundwater level 
• Structures proposed 
o Gabion Bundhs 2 
o Nala Bundhs 2 
• Expected recharge 0.11 mcm/year 
• Expected rise in groundwater level 0.21 m in 3.5 sq.km area 
• Cost of scheme 3.23 lac 
8.11.3 Artificial Recharge to Groundwater in Lodhi Garden, New 
Delhi 
Lodhi Garden is one of the oldest gardens. It is located near Lodhi 
road and spread over an area of 36 ha. Area is characterized by 
undulating topography. There is one lake of about 6330 sq.m. area. Depth 
to water level in the garden is 8.5 mbgl. Due to heavy exploitation 
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PROPOSED NALA BUNOHS/GABION BUNDHAS AT KUSHAK NALA 
NEW DELHI 
RAJENDRA NAGAR 
NEW RAJENDRA NAGAR 
GABION BUNDHS 
RASHTRAPATI BHAVAN 
NALA BUNDH 
Index 
NALA BUNDH 
Catchment Area (Sq.Km) 
Runoff Availability MCM 
3.5 
0.142 
Fig 8.16 rain water harvesting scheme Kushak Nala, New Delhi 
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and increase in population, the groundwater levels are continuously 
declining. The existing lake is also lined therefore the recharge 
contribution from lake is negligible. The annual normal rainfall in the 
area is 712.2 mm, out of which 605.2 mm occurs during monsoon period 
in 27 days. It is estimated that about 25000 cum rainfall - runoff is 
available from garden and its adjoining areas. For proper management 
and development of groundwater resources an artificial recharge scheme 
is proposed for recharging to groundwater. Three lateral shafts and three 
recharge pits around lake are being constructed as recharge structures 
(Fig. 8.17). The salient features of the scheme are as under: 
Source of water 
• Average Annual rainfall 
• Depth to groundwater level 
• Water available for recharge 
• Structures proposed 
Rain water 
712.2 mm 
8.5 m below ground level 
25,000 cum 
• 
• 
• 
• 
• 
o Lateral shafts with injection well 
o Recharge pits 
Expected recharge 
Rise in water level 
Cost of the scheme 
Average life of structures 
Cost of water recharge 
3 
3 
20,000 cum 
0.35 m in 40 ha area 
Rs. 5.375 lac 
20 years 
Rs. 1.34 per cubic meter 
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PROPOSED ARTIFICIAL RECHARGE STRUCTURES 
AT LODI GARDEN, NEW DELHI. 
AMRITE SHER MARG 
Fig 8.17 rain water harvesting scheme Lodi Garden, New Delhi 
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8.11.4 Artificial Recharge to Groundwater at Sharam Shakti 
Bhawan, New Delhi 
The Sharam Shakti Bhawan having campus area of about 11965 
sq.m. is located on Rafi Marg in NCT, Delhi. The annual normal rainfall 
in the area is 712.2 mm. It is estimated that about 3225 cum. rainfall 
runoff is generated in the area. The area is underlain by 10 m. thick 
alluvium near south block about 150 m. in thickness. Near India Gate 
alluvium is underlain by weathered and fractured quartzite. Near Sharam 
Shakti Bhawan groundwater occurs in alluvium comprising of sand and 
silt mixed with kankars. Depth to groundwater level varies from 6-8 m. 
below ground level. The scheme is for utilizing the rainfall-runoff 
generated in the campus area from the rooftop of the buildings and the 
paved area. Recharge to the groundwater is proposed three rough th 
recharge trench with two injection wells in each at selected locations 
taking advantage of the existing storm water drain in the campus area 
(Fig. 8.18). Major benefit of the scheme is proper utilization of available 
runoff, arresting the declining groundwater levels in the area and to 
provide sustainability to existing groundwater abstraction structures. 
Salient features of the project are given below: 
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Fig 8.18 Rain water harvesting scheme Sharam Shakti Bhawan, 
New Delhi 
265 
• Source of water Rainwater 
• Average Annual rainfall 712.2 mm 
• Depth to groundwater level 6.0 - 8.0 mbgl 
• Structures proposed 
o 3 Recharge Trench with two injectionwells 
• Expected recharge 2900 cum/year 
• Expected rise in groundwater level 1.62 m in 12000 sq.km area 
• Cost of scheme 4.10 lacs 
• Average life of structures 25 years 
• Cost of water recharge Rs. 7.07 per 1000 litre 
8.12 Artificial Recharge in Yamuna Flood Plain 
Yamuna flood plain occupies about 100 sq.km. area in NCT, Delhi 
offer a good scope for developing the groundwater resources as well as it 
subsequently store additional water from flood water during monsoon. 
The flood plain of Yamuna has a prolific aquifer which are not yet 
been developed except 16 rainy wells pumping about 39.78 mcm/year. 
The hydrologic set up and the availability of substantial quantity of flood 
flow are available for exploitation and augmentation of groundwater 
resources. 
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Fig 8.19 groundwater development in Yamuna flood plain 
Flood plains of rivers are normally good repositories of 
groundwater and offers excellent scope for development of groundwater. 
Groundwater levels in these tracts are mostly shallow, leaving little room 
for accommodating the monsoon recharge, a major portion of which 
flows down to the river as surface (flood) and sub-surface runoff. A 
planned management of water resource in these tracts can capture the 
surplus monsoon runoff, which otherwise goes waste. The strategy 
involves controlled withdrawal of groundwater from the flood plains 
during non-monsoon season to create additional space in the unsaturated 
zone for subsequent recharge / infiltration during rainy season. 
There are two distinct conditions as regards induced recharge from 
the river/stream to groundwater aquifer. The first condition involves 
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setting up a hydraulic connection between the aquifer and the river as 
recharge boundary due to heavy exploitation of groundwater and 
expansion of cone of depression. This condition is common in case of 
perennial rivers and leads to changes in river flow conditions in the down 
stream. The hydraulic connection between the river and the aquifer ceases 
as soon as pumping is stopped. 
The second scenario is more common in case of rivers having 
intermittent flows; the loose sediments in the flood plains are more or less 
saturated resulting into shallower groundwater levels. The heavy 
withdrawal of such flood plain aquifers during the non-monsoon creates 
ample space in the groundwater reservoir wrrch gets recharged by the 
river during the flood season. In absence of such created space the river 
water would overflow. This condition is more prevalent in Indian 
scenario and provides opportunity for augmentation of groundwater 
reservoir through induced recharge. 
A study in this regard was taken up in northern part of Yamuna 
flood plain area in Delhi where the Central Groundwater Board 
constructed 95 tube wells in Palla Sector in the depth range of 38-50 m 
for Delhi Jal Board, the domestic water supply agency of the State. On 
the basis of scientific studies, it was found out that nearly 30 MGD of 
water can be safely drawn from these tube wells during monsoon and 
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non-monsoon seasons to meet drinking water requirements of National 
Capital Territory, Delhi. In this process, a part of flood water (rejected 
recharge) is utilized to augment sub-surface storage during monsoon (Fig 
8.19). 
The experience of Yamuna flood plains in Delhi has shown the 
scope of enhancing groundwater recharge by pumping to lower the water 
table ahead of the rainy season and thus creating more space for the flood 
water to percolate. The concept can be implemented in similar situations 
in different parts of the country after carrying out detailed study on the 
hydrodynamics of the flood plain zones involving stream-aquifer 
interaction (Fig 8.20). 
Fig 8.20 plate of Yamuna flood plain near Palla village 
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8.13 Impact Assessment Analysis of Rainwater Harvesting 
The impact of recharge through these structures to groundwater 
regime is local, but if implemented on a massive scale, it can raise the 
water level remarkably and increase the sustainability of water supply 
through shallow depth groundwater structures. Roof top rainwater 
harvesting is practiced by 600 households in dewas city, Madhya 
Pradesh, in which the Board has provided recharge filters as incentive to 
public for adopting this technology. The mass implementation of this 
technology has resulted in significant rise in groundwater levels and 
revival of dry dug wells and bore wells in a large part of the city. Roof 
top rain water harvesting is also suitable for direct use of water in hilly 
areas. Such water can be used for consumption only after the initial 
runoff from rain shower is allowed to run as waste to flush out 
accumulated d»rt from the collection area and gutters and later collected 
runoff is to be filtered, chlorinated and disinfected before use (Table 8.3). 
Artificial recharge is a solution for the sustainable management of 
groundwater resources in areas where component of the water supply and 
rainfall variability do not allow sufficient level of aquifer recharge by 
natural means. Performance of artificial recharge structures depend upon 
many factors such as type of terrain, rain fall intensity, 
infiltration capacity of soil, location of feasible site etc. It is essential that 
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Table 8.3: Impact Assessment Analysis of Roof Top Rainwater Harvesting 
Projects 
State Scheme Impact Assessment 
Delhi Artificial Recharge Scheme for Water level rise 0.94 to 
President Estate, New Delhi 2.32 meters 
Delhi Scheme for rain water harvesting in Water level rise 1.42 to 
Shram Shakti Bhawan, New Delhi 2.17 meters 
Delhi Scheme for artificial recharge to 5 TCM of rain water was 
groundwater at Prime Minister's recharge d in one year 
Office, South Block, New Delhi. 
Delhi Scheme for artificial recharge to 16.4 TCM of rainwater 
groundwater at Vayusenabad, Air was recharged in one year 
force station, Tughalakabad, New 
Delhi 
engineering knowledge is integrated with ireteorological, hydrological 
and hydrogeological information of the watershed for effectively 
implementing the artificial recharge to aquifers. The artificial recharge to 
aquifers is environmental friendly technology which significantly 
increase sustainable yield of aquifers. Application of artificial recharge 
methodologies is easy to understand by both the technicians and the 
common man for construction, operation and maintenance. Awareness for 
implementation of this technology needs to be widely publicized. 
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SUMMARY 
and 
CONCLUSION 
SUMMARY AND CONCLUSION 
Groundwater resources play a vital role in sustaining the livelihood 
of many countries in the world. Its ubiquitous occurrence, reliability and 
availability in all seasons have made it the primary buffer against 
drought, playing a pivotal role in ensuring the food security at all levels. 
More than half the world's population is considered to depend on ground 
water for its survival (UNESCO, 1992). The alarming depletion of 
groundwater resources in the last few decades has made it the focus of 
attention of administrators, planners and policy makers. 
Groundwater has an important role in meeting the water 
requirement of agriculture, industrial and domestic sectors in India. Its 
importance as a precious natural resource in the Indian context can be 
gauged from the fact that more than 85 percent of India's rural domestic 
water requirements, 50 percent of its urban water requirements and more 
than 50 percent of its irrigation requirements are being met from 
groundwater resources. The increasing dependence on groundwater as a 
reliable source of water has resulted in its large-scale and often 
indiscriminate development in various parts of the country without due 
regard to the recharging of aquifers and other environmental factors. 
Unplanned and unscientific development of groundwater resources, 
mostly driven by individual initiatives, has led to an increasing stress on 
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the available resources. The adverse impact can be observed in the form 
of long term declines of groundwater levels, de-saturation of aquifer 
zones, increased energy consumption for lifting water from progressively 
deeper levels and quality deterioration due to saline water intrusion in 
coastal areas in different parts of the country. 
On the other hand, there are areas in the country, where 
groundwater development is still low-key in spite of the availability of 
sufficient resources. The canal command areas suffer from problems of 
water logging and soil salinity due to the gradual rise in groundwater 
levels. 
In view of the factors mention above there is a need for strategies 
aimed at scientific and sustainable management of the available 
groundwater resources in the country to avert looming water crises such a 
management strategy should consider various aspects and their 
development prospects. 
India has been gifted with substantial water resources. India has a 
vast network of rivers and alluvial basins. However, conditions vary; 
widely from region to region whereas, some are drought affected, others 
are frequently flooded. India is an agrarian economy. Groundwater 
contributes a considerable part of irrigation potential created in the 
country. 
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The annual replenishment groundwater resources in the country 
have been estimated as 433 BCM, out of which 399 BCM is considered to 
be available for development of various uses. 
A reminder of 34 BCM is set aside for natural discharge during 
non-monsoon period for maintaining flows in springs, rivers and streams. 
In addition to the resources available in the zone of water level fluctuation 
extensive groundwater resources have been proven to occur in the 
confined aquifer in Ganga-Brahamaputra coastal areas and deltaic tracks. 
These aquifers have their recharge zones in the upper reaches of the basin. 
The resources in these deep seated aquifers are termed in storage 
groundwater resources. 
In Alluvial areas these resources are normally renewable over the 
long period of time. It is estimated that approximate or a tentative estimate 
of the total quantum of storage groundwater is about 10,800 BCM. 
The water resources of Delhi including groundwater are 
continuously under severe pressure due to ever increasing population and 
industrial activities. The total groundwater available in Delhi is 29154 
MCM/year. It is estimated that there is a withdrawal of about 142 
MCM/year of groundwater for drinking and industrial uses while about 
110 MCM/year for irrigation purposes. 
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The availability of surface water in NCT, Delhi is through the 
interstate agreement and it gets 724 MCM/year from Yamuna River, 178 
MCM/year from Ganga and 246.4 MCM/year from Bhakra system. Out 
of 724 MCM water allocation in Yamuna River the monsoon runoff is 
580 MCM (Nearly half of this about 282 MCM) is not being utilized at 
present and flows out of Delhi. Beside unutilized rainfall runoff works 
out to be 193 MCM. Thus the non-committed surplus runoff is about 475 
MCM which can be utilized far augmenting groundwater availability. 
Excessive withdrawal of groundwater is mainly in blocks of 
Najafgarh, Mehrauli, Khanjawala and city block which has resulted in 
depletion of groundwater resources. 
Development and use of groundwater in NCT, Delhi is also a 
function of groundwater quality, chemical quality of groundwater in 
Delhi varies with depth and space. Brackish groundwater mainly exists at 
shallow depth in Khanjawala and Najafgarh block. In alluvial formation 
the quality of groundwater deteriorates with depth, which is variable in 
different areas. 
To cater the above objectives, the attempts have been made to 
demarcate the various water bearing zones, delineation of geomorphic 
lands forms to be utilized as a ground water resources, subsurface 
boreholes geology and their relationship, establishment of hydrological 
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parameter of aquifer for the evaluation of hydraulic conductivity, 
transmissivity, storativity etc. of the aquifer to study the movement of 
groundwater and behavior of water level in time and space. Investigation 
of hydrochemical data is carried out to study the status of groundwater 
quality in NCT Delhi. 
Physiographically, the NCT Delhi is characterized by piedmont 
plain, old flood plain, yamuna khadar and the Aravalli ridge. The Delhi 
ridge is the last spur thrown out by the Aravalli towards the plain of 
northern India. This reaches near the bank of Yamuna River at Wazirabad 
and runs parallel to the river encircling the walled city. One of the highest 
spur supports the Tughlakabad fort. The ridge runs in south-western 
direction with its surface gradually rising from the mutiny memorial on 
the ridge. The low lying land along the river Yamuna is called Khadar or 
"River rain." This river rain is of a very young origin and low lying 
topography having a total area of 30575 hectares. The tract lying to the 
north of the ridge and west of Grand trunk road, separates it from Khadar, 
is a level plain known as "Bhangar". The tract consists of old deposits 
and has total area of 41457 hectares. The rain water is drained by 
Najafgarh drain and west Mungeshpur drain. Dabar is the area lying to 
the west of the hills and consists of low lying and flooded area. 
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Geomorphologically, the land area under review comprises 
Arangpur rock)' terrain, the older alluvial plain, extension slope of the 
Aravalli Hills and the residual hill near Nawada. The rocky terrain 
comprises fine to medium-grained recrystallised quartzite and coarse-
grained gritty quartzite, intruded by pegmatite and quartz vein, strike 
varies from N-S to NE-SW with dips towards West and NW. 
The Yamuna comprises the main drainage system in the study area 
flowing towards southerly direction turning gradually in the south to 
south eastward direction between Okhla and Manjhauli. In this stretch it 
is highly braided and shows profuse development of anastomosing 
channels. The change in the trend of the river may possibly due to 
steepening of the slope of the river. Agra and Gurgaon canals are the 
important canals flowing southerly in the central part of the NCT, Delhi. 
These canals receive effluents of industries and domestic wastes and 
finally drain into the Yamuna River. The westward shift of the Yamuna 
can be inferred by the very close spacing of meanders, swamps and 
sandbars on flood plain. 
The Delhi region is a part of Indo-Gangetic Alluvial plains, at an 
elevation ranging from 198-220 m above MSL, transacted by quartzite 
ridge extending roughly from northeast to southern part of the area. The 
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thickness of the ridge is generally less than 300 m towards west, covering 
pa<s of southwest districts. 
The Delhi region in northern India is bounded by the Gangetic 
alluvial plain in the north and east, the Thar Desert in the west, and 
Aravalli hill ranges to the south. The Delhi system lies over the gneisses 
and the Railo with a great unconformity and is in turn overlain 
unconformably by the Vindhyans. 
NCT is occupied by quartzite inter-bedded with mica-schist 
belonging to Delhi supergroup, unconsolidated sediments of quaternary 
to recent age unconformably overlie these. Ajabgarh group of Delhi super 
group of early to middle proterozoic age, Geologically belongs to the 
oldest rocks exposed, quartzite interbedded with mica-schist and 
phyllites. These quartzite occupying central to southern part of the area 
gray, massive to thinly bedded and structurally from a coaxially refolded 
regional antiform plunging towards southwest. 
The older alluvium comprises silt, clay mixed with kankar in 
varying proportion. The newer alluvium mainly consists of un-oxidised 
sands, silt and clay occurring in the Yamuna flood plain. The area is 
dissected by number of faults in a trend of NNE-SSW to ENE-WSW. The 
important faults west of the ridge area are: Rajendra Nagar, MES Depot 
East Patelnagar fault, Annad Prabhat West Patelnagar fault, Indrapuri 
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fault, WNW-ESE trending fault between Qutab minar and Mehrauli, 
Lado Sarai fault. 
The quartzites strikes in NNE-SSW direction with 45° to 85° dips 
towards east, these rocks are intruded by pegmatite, (composed of 
feldspar, quartz, mica and tourmaline) quaternary sediments, divided into 
older alluvium, newer alluvium and Aeolian deposit, unconformably 
overlie Ajabgarh group of rocks. 
Massive, hard, compact, light grey to dark grey quartzites with 
detrital garnets are exposed in the area. The rocks in the central part 
extend as a NE-SW trending ridge (known as the Delhi ridge or the Delhi 
Shahabad Ridge) up to Wazirabad in the NE. The northern and central 
gently undulatory plain comprises alluvial and fluvio-alluvial material at 
places with small Aeolian mounds of quaternary to sub-recent age. 
The rocks of the Delhi super group constitute the main Aravalli 
mountain ranges over a strike distance of nearly 700 km from Gujarat to 
Delhi. As a generalization, they form a broad synform. In the northeastern 
portion, the Delhi rocks rest on older Bhilwara Group/Banded Gneissic 
Complex (BGC) with a marked unconformity. In the southwestern 
region, there is structural discordance to the Aravalli Super group. The 
main rock types of Delhi Supergroup and quartzites, conglomerates, 
arkoses, phyllites, states, various types of schists, limestones, marbles, 
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mafic flows and amphibolites. The northeastern part of the Delhi 
Supergroup is older than middle proterozoic .Young Delhi rocks may be 
related to lower Vindhyan rocks, which are dated as 1,400 to 1,200 m.y. 
old. 
The alluvial formations overlying the quartzite bed rocks have 
different nature on either side of the ridge. The Yamuna flood plain 
contains a distinct river deposit. The nearly closed Chatterpur alluvial 
basin covering an area of about 48 km is occupied by alluvium derived 
from the adjacent quartzite ridge. The Delhi ridge which is the northern-
most extension of Aravalli Mountain consists of quartzite rocks -and 
extends from southern part of the territory to western bank of Yamuna for 
about 39 kilometers. 
The basement topography of NCT delhi is highly uneven depicting 
the presence of sub-surface ridges and valleys because of folding of the 
geological formations during the pre-cambrian and subsequent periods. 
The thickness of unconsolidated sediments towards east of the 
ridge gradually increase away from the ridges, with the maximum 
reported thickness being 70 m. In the south-western, western and 
northern parts of the area, the thickness of sediments is more than 300 m 
except at Dhansa where the bedrock has been encountered at 297 m 
below land surface. It has been observed that the bed rock slope towards 
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eastern flank (Trans- Yamuna area) from central delhi ridge is gentler 
than the western flank i.e. Najafgarh, mundaka and bawana area. Even in 
eastern flank far from delhi reidge near ghagipur, trilokpuri and 
mayurvihar phase-2 shallower bed rock topography encountered. 
The sub-surface ridges not only control the ground water situation 
in Yamuna flood plain but have significant role in ground water flow 
regime and thus it control the quality of ground water in underlying older 
alluvium. The depth of interfaced between fresh/saline water is a factor 
of not only natural recharge but also controlled by sub-surface 
topography because of which few areas in NCT, Delhi are having fresh 
water through out the explored depth and in some places brackish water is 
present from surface itself. 
The water availability from surface water sources viz. Yamuna, 
Ganga and Bhakra system is of the order of 1150.2 mem. The Yamuna 
river contributes substantial part. Of the total 724 mem water available in 
Yamuna River (NCT, Delhi's share) the flood water is of the order of 580 
mem. About 50% of this amount is not being used and flows out of Delhi. 
The potable water demand is increasing day by day due to growing 
urbanization, improvement in living standards and rapidly increasing 
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population of Delhi and there is increasing pressure on water supply. The 
present drinking water demand of Delhi is approx. 900 MGD. 
Delhi constitutes 2% of the catchment area of Yamuna basin, yet 
the metropolitan area contributes substantial pollution load. The 
municipal waste water is the main water pollution source in terms of 
volume. Approximately 1.99 MCM/day of the waste water is discharged 
from the municipal sector and 0.32 MCM per day from the industrial 
sector. The installed treatment capacity is 1.27 MCM which is limited up 
to primary treatment, while secondary treatment does not exist. The 
substantial quantity of untreated sewage and partially treated sewage is 
discharged into the Yamuna River everyday. The Najafgarh drain is 
estimated by contributing about 60% of the total waste water and 45% of 
the municipal and industrial load into river Yamuna. 
The hydrogeological setting of Delhi comprises a basement of 
Alwar quartzites of Delhi system, overlain with quaternary alluvium 
constituent units of later being clay, sand, silt and kankar. The Delhi ridge 
forms a water divide, the aquifer, west of ridge comprises predominantly 
clay and kankar formation, while those towards east of the ridge are 
sandy. The thickness of alluvium varies from 30-120 meters in the west 
water table east of the ridge slope towards Yamuna River and west of it 
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towards Najafgarh jheel. Water levels are deeper in the vicinity of the 
ridge, and lies within four meters of the land surface. 
The Alwar quartzite of Delhi system exposed in the area belongs to 
Pre-Cambrian age. The quartzites are pinkish to grey in colour, hard, 
compact, highly jointed/fractured and weathered. These occur with 
interbeds of mica-schists and are intruded locally by pegmatites and 
quartz veins. The strike of these rocks varies northeast southwest to 
north-northeast south-southwest with steep dips towards southeast and 
east except for some local variations due to folding. The prominent joint 
sets are strike joints, bedding joints and dip joints. Quartzites are 
ferruginous and gritty types on weathering and subsequent disintegration 
give rise to coarse sand (Badarpur sands). Chemical weathering of deeper 
horizons is also common. 
In pre-monsoon 2007, 22.64% of wells show depth to water level 
more than 12 m m.b.g.l., 13.20% wells show the depth to water level 
ranging from 8 to 12 mbgl.32.07% are in between 4 m to 8 m, and 
32.07% wells are reported to have water level depth of 0 to 4 mbgl. 
It is observed from Table 5.4 that during post-monsoon 2006 
period, 60.37% of well shows the depth to water level more than 12 m 
below ground level, 9.43% of well shows the water level depth between 8 
and 12 mbgl and 16.98% wells shows the water level depth of 4 to 8 mbgl 
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and 13.20% wells are reported to have water level depth of 0 m to 4 
mbgl. 
Only 11.32 % of the wells are found to have water level fluctuation 
between 0.4 to 0.6 m, 52.83% of wells are recorded having water level 
fluctuation between 0 to 0.4, 9.43% of the wells are found to have water 
level fluctuation between 0.6 to 0.8 and 26.41% wells are recorded 
having a water level fluctuation of more than 0.8 mbgl in 2007 
The groundwater occurs in all the formation within the area, in 
alluvium and sands in the interstices if the constituents grains lying 
within the zone of saturation. In the quartzites the groundwater occurs in 
the joints which lie within the zone of saturation. 
The NCT of Delhi, deposits its limited areal extend has a 
diversified geological and topographic set up giving rise to divergent 
groundwater situation in different parts. The prevalent rock formation 
ranging in age from pre-Cambrian to Recent which control occurrence 
and movement of water, are widely varied in composition and structures. 
The NCT of Delhi, despite its limited areal extent had diversified 
geological and topographic set up giving rise to divergent groundwater 
situation in different parts. The prevalent rock formations are widely 
varied in composition and structure ranging in age from pre-cambrian to 
recent, which control occurrence and movement of groundwater. The 
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variations of land forms like ridge areas, traversing across the territory, 
the alluvial plain of the western Delhi, closed Chattarpur basins and flood 
plain of river Yamuna are quite significant to control the occurrence and 
movement of groundwater. The relatively high relief areas of the Delhi 
ridge with steeper topographic slopes and characteristic quartzite 
formation offer high runoff and less scope for rain water infiltration. The 
groundwater occurs in weathered and fractured and jointed parts of these 
rocks. The shallow aquifers mainly consist of weathered residue, whereas 
the joints and fractures constitute deeper aquifers. 
The alluvial tract occupying large parts constitute the potential of 
groundwater reservoir, groundwater movement and occurrence show 
distinct variation even in the alluvial aquifers due to their manner of 
deposition. The aquifers in western alluvial planes of the territory are 
distinct from the aquifer of Chattarpur basin and those occurring in 
Yamuna flood plains. The presence of saline water aquifer at shallow 
depth varying from 20 m to 50 m below ground level in many parts, 
presents a typical groundwater condition. 
The groundwater occurs under phreatic confined conditions in 
shallow aquifer zone whereas semi-confined to confined conditions of 
groundwater are quite common in deep aquifers. 
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In the Yamuna flood plains and Chattarpur basins, the shallow 
fresh water aquifer available within depth range of 40-50 m, behave or 
act as single unconfined aquifer system. In the western part of Delhi i.e. 
Khanjhawala and Najafgarh block semi confined and confined aquifer 
occurs at depth. 
The regular and periodic monitoring of groundwater level, through 
more than 100 hydrograph network station, comprising open wells 
located throughout the NCT, Delhi have indicated the changes in water 
level consequent to continuous groundwater abstraction and urbanization. 
Central district of NCT, Delhi is located in hard rock terrain of 
Delhi quartzite at one end while alluvium underlain by Delhi quartzite at 
another end. The other parts of the area, is occupied by unconsolidated 
Quaternary alluvium underlain by Pre-Cambrian Meta sediments of Delhi 
system. Quaternary alluvium is comprised of fine sand, silt, clay along 
with the occurrence of kankars. 
East district is located east of Yamuna River and bordering to 
Ghaziabad and Noida of Uttar Pradesh. It covers 64 sq. km. of area. East 
district of NCT, Delhi is a domain lying in between two rivers i.e. 
Yamuna in the west to Hindon in the east. 
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The basement rock underlying Yamuna flood plain in East Delhi 
District is ranging in depth from 28 to 204 m bgl. Especially around 
Akhsar Dham temple it ranges from 88 to 120 mbgl. 
Groundwater in the area occurs both under water table as well as 
under semi-confined conditions in alluvium. The depth to water level in 
the district ranges from 5 to 25 m below g-ound level and the wide 
variation occurs due to wide range of topographic relief. The Yamuna 
flood plain area depth to water level ranges 5 to 8 m bgl whereas in the 
Delhi ridge areas it varies from 10 to 25 mbgl. The tube wells usually tap 
kankar zone admixed with clayey-silt and sandy-silt aquifer zone. These 
aquifer zones are generally encountered alternatively below the depth of 
20 m bgl and onward up to the basement rock. 
The depth of fresh-saline water interface in Yamuna flood plain is 
ranging from 32 to 50 mbgl where as in rest of the area it is ranging from 
25 to 38 m bgl. The North West district of NCT, Delhi covers 440 sq. km 
area and is characterized by unconsolidated Quaternary alluvium 
deposits. Depth to water level is shallow i.e. 2 to 8 m bgl major parts of 
the district but in the northern border in Narela area depth to water level 
is 6 to 12 m bgl. 
The line of fresh-saline water interface also varies greatly in entire 
area. All along the western Yamuna Canal and along Yamuna Flood Plain 
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it is deeper which is 40 to70 m deep, whereas in rest of the area it is 22 to 
40 m. It was also observed from the exploratory wells that salinity of 
water increases with depth and there is no fresh water aquifer at deeper 
depth. 
The South district of NCT, Delhi covers 250 sq. km. of area in 
which 45.2 sq. km. area shows mountainous undulating terrain exposed 
with Delhi quartzite. The depth to water level varies widely in this 
district and is ranging from 8 to 65 m. In the eastern tract of the district in 
Yamuna Flood Plain, depth to water level varies from 8 to 22 m bgl but in 
rest of the area it ranges from 30 to 65 m bgl. The depth of fresh / saline 
water interface varies from 75 to 100 m. The thickness of the fresh water 
zone varies from 30 to 85 m. 
The South West district of NCT, Delhi covers 420 sq. km. area and 
is characterized by unconsolidated Quaternary alluvium deposits. Only 18 
sq. km. area is covered by denudation hills especially in the eastern part 
of the district. Depth to water level in major part of the district ranges 
from 5 to 23 m bgl but in the eastern part of the district in Delhi ridge 
area depth to water level ranges from 22 to 50 m bgl. 
The annual replenishable groundwater resources for the entire 
country is 433 billion cubic meter (bcm). The overall contribution of 
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rainfall to country's annual replenishable groundwater resources is 67 % 
and the share of other sources taken together is 33%. 
The complex situations of groundwater occurrences in different 
rock formations, presence of saline groundwater at varying depth in the 
aquifers and growing urbanization is influencing availability of 
groundwater in different parts of NCT, Delhi out of total area of 1485 sq. 
km. about 263 sq. km. is not considered feasible for ground water 
development; either due to presence of saline groundwater. Another 
important component which is influencing the groundwater recharge in 
Delhi especially the city block and adjacent habitations is the continuous 
urbanization resulting in reduction of recharge area. Construction of 
buildings, roads, cemented pavements and floors in different locations is 
likely to reduce the total recharge and may result in additional runoff. 
Quantification of such a reduction in recharge to groundwater is 
necessary. It is observed that most of the blocks have been over 
developed. The excessive withdrawal of ground water is mainly in the 
block of city, Najafgarh, khanjhawala and Alipur blocks. There is 
however possibility of some development of ground water resources for 
domestic uses in Alipur, shahdara and city blocks. 
The Yamuna flood plain is the most potential resource of 
groundwater availabilities. The excessive ground water development in 
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different blocks of NCT of Delhi has resulted in lowering of ground water 
level in the last few decades. The declining trend of water level is very 
prominent in Najafgarh and Mehraulli blocks. Presently the possibilities 
for utilizing ground water as an additional source to meet requirement of 
NCT, Delhi are limited. However, with proper management strategy 
utilizing artificial recharge through monsoon runoff or by the excessive 
groundwater development in Yamuna bed to induce more recharge, the 
ground water potential can be increased. 
The groundwater quality of NCT is not uniform, besides the fresh 
groundwater areas aquifers, saline ground water aquifers with electrical 
conductivity more than 5000 u,S/cm.25°C also occur in most part of the 
territory at varying depths. The saline ground water aquifer in Alipur, 
Khanjhawala and Najafgarh block consists of sands, clays, and kankars 
and belong to quaternary alluvial deposits. The depth of this formation is 
more than 300 m. in most of the part of the area. These aquifers are 
capable of yielding about 500-600 1pm. The precise assessment of saline 
water resources of the territory and its development potential has yet to be 
done. The fresh saline groundwater in NCT of Delhi exists in a delicate 
stage of equilibrium. The excessive ground water pumping in fresh 
groundwater areas has resulted in upconning of saline ground water in 
many areas rendering the groundwater saline and unusable and hence 
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development of both fresh and saline ground water needs to be taken 
judiciously. 
The change in the quality of groundwater at different depth level is 
dependent on several factors such as strata composition, extent of 
recharge, variation in rate of flow, climate, evapotranspiration and 
pollution due to human activities particularly at shallow depth. The value 
of ph in the study area is observed under the desirable limit during 2005-
2007 of W.H.O in all the seasons. 
The electrical conductivity with 400 micro-mhos/cm at 25°C is 
considered suitable for human consumption (W.H.O). The value of EC is 
observed more than W.H.O limits limit during 2005-2007 in all the 
seasons in the study area. 
The total dissolved solids (TDS) in water comprise in organic salts 
and small amounts of organic matter. The principal ions contributing to 
TDS are carbonate, chloride, sulfate, nitrate, sodium, potassium, calcium, 
and magnesium. The value of TDS is observed more than the permissible 
limit of W.H.O during 2005-2007 in all the seasons. 
Hard water is generally believed to have harmful effect on human 
being. Cardiovascular diseases are reported to be confined to the areas of 
soft water than to those having hard water. In the study area harness is 
generally more than the desirable limit of W.H.O. 
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The concentration of chloride ranges more than the desirable limits 
of WHO as well as ICMR, in the study area, in all the seasons during 
2005 to 2007. 
The concentration of sulphate in the study area is observed more 
than the desirable limit of W.H.O during 2005 to 2007. 
The concentration of Sodium is observed more than the permissible limit 
of W.H.O in the study area in all the seasons during 2005 to 2007. 
Concentration of potassium ranges from 0.00 to 326.00 with an 
average of 37.74 in post-monsoon 2005, from 1.11 to 224 with an 
average of 22.61 in post-monsoon 2006 and from 0.03 to 250 with an 
average of 22.51 in post-monsoon 2007in the study area. 
The permissible limit of sodium is given as 200 mg/L by W.H.O, 
1993. The concentration of Sodium is observed more than the permissible 
limit of W.H.O in the study area in all the seasons during 2005 to 2007. 
The highest desirable limit of calcium in drinking water is 75 mg/L 
(W.H.O 1993). The value of calcium ranges more than desirable limit of 
W.H.O in the study area during 2005 to 2007. 
The concentration of magnesium ranges more than the permissible 
limit of W.H.O, 1993 in the study area during pre and post monsoon 2005 
to 2007. The Chief Sources of Mg are rainwater, weathering of Mg, 
silicate mineral - presence of the soil. 
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The value of nitrate is observed more than the desirable limit in 
study area during pre as well as post monsoon period during 2005 to 
2007. 
High fluoride levels are mostly found in the areas where 
groundwater is brakish to saline in nature. Once fluoride is incorporated 
into teeth, it reduces the solubility of the enamel under acidic conditions 
and thereby provides protection against dental caries. 
Heavy metals are of great concern because of their high toxicity to 
various biological forms out of 106 identified elements in nature about 80 
are metals, most of which are found only in trace amount in the biosphere 
and its biological material 
The quality of groundwater is variable in space and depth in 
alluvial formation whereas it is generally fresh in hard rock formations. In 
alluvial formation, the quality of groundwater deteriorates within depth 
which is variable in different areas 
A survey of heavy metals contains in sub-surface water bodies in 
NCT, Delhi, has been carried out during the last three years w.e.f. 2005-
2006-2007. 
The prescribed desirable limit of the cadmium by B.I.S.,'1991 in 
drinking water is 0.01 mg/1. In the study area cadmium is observed more 
than both during 2005 to 2007. 
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In the study area the concentration of chromium ranges from 0.01 
to 0.92 with an average of 0.42 in 2005, from 0.08 to 1.16 with an 
average of 0.44 in 2006, and from 0.00 to 1.28 with an average of 0.33 in 
2007. W.H.O (1993) has prescribed 0.05 mg/1 of chromium as the 
maximum permissible limit. The analytical results show the chromium 
concentration ranged more than the permissible limit of W.H.O in the 
study area during 2005 to 2007. 
In the study area the concentration of lead ranges from 0.00 to 0.38 
with an average of 0.10 in 2005, from 0.00 to 0.68 with an average of 
0.25 in 2006, and from 0.03 to 0.18 with an average of 0.1 lin 2007. 
In the study area the concentration of copper ranges from 0 to 0.35 
with an average of 0.04 in 2005, from 0.00 to 1.65 with an average of 
0.33 in 2006, and 0.00 to 0.97 with an average of 0.06 in 2007. The 
highest desirable limit of Cu 0.05mg/l is prescribed by W.H.O 1993. 
The values of nickel are under permissible limits of BIS during 
2006-07, but in 2005 it was observed more than the limit. 
The zinc concentration in groundwater the NCT, Delhi may be 
mostly attributed due to geological reasons while on the other hand. It 
may be contributed by industrial effluents particularly electroplating, 
waste containing high level of zinc. In the study area the concentration of 
zinc ranges from 0.04 to 14.38 with an average of 1.58 in 2005, from 0.11 
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to 6.05 with an average of 0.89 in 2006, and from 0.00 to 1.01 with an 
average of 0.28 in 2007. The values of zinc are under the desirable limits 
of W.H.O, 1993 in the study area during 2005 to 2007. 
The highest desirable limit of Mn 0.05mg/l is prescribed by W.H.O 
1993. The concentration of manganese is observed more than desirable 
limit during 2005 to 2007. Only up to the limit concentration is marked in 
2007. 
About 68% of the samples in pre-monsoon and 48% in post-
monsoon samples found to fall in sodium-potassium-potassium type 
facies. Only two samples fall in calcium type facies and the 20 % in pre-
monsoon and 30%o in post-monsoon samples fall in no dominant type, 3 
in pre-monsoon falls in magnesium type. Among the anion facies 
majority of the samples fall in no dominant type facies followed by 
bicarbonate type facies and 4% samples belong to chloride type facies in 
2005 and the similar trend has been observed in the pre and post-
monsoon period 2006 and 2007. 
Most of the samples of pre-and post-monsoon belong to the 
categories of C3Sb C3S2 and C3S3 which falls within the zone of moderate 
to good water quality class. C4S2 and C4S3 Class are moderate to bad 
water zone. During 2005-2007 the SAR values in 80 out of 100 samples 
were less than 10 and EC values is about 35% of the water samples are 
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greater than 1500 (iS/cm, hereby indicating low alkali hazard and high 
salinity hazard. 
Increase of sodium ion contents in water beyond 43% replaces the 
ions like Ca + Mg in soil by Base Exchange. Percent sodium upto 52% is 
acceptable for irrigational use above which alkalization steadily 
increases. 
The majority of the post-monsoon water samples fall in the sub 
field 6, about 32 %, in sub field 7 and sub field 8 about 31 % and 28 
%respectively in 2005, more or less similar trend has been observed in 
2006 and 2007. 
The highest positive correlation (0.999) in pre and (0.968) in 
postmonsoon found between electrical conductivity and total dissolved 
solids which indicates that the electrical conductivity in the ground water 
of the area is due to total dissolved solids Ph and carbonate (-0.498) in 
post monsoon, has been observed, in all years (2005-2007). The high 
correlation is also observed between EC & sulphate, sodium and sulphate 
and sodium and chloride. 
The groundwater development in NCT of Delhi is at a very high 
stage and all the blocks show an ever increasing stage of ground water 
development resulting in lowering of groundwater level in major parts of 
territory based on recent assessment of groundwater resources. Further, 
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scope of groundwater is mainly in Alipur, shahdara and city blocks with 
proper site location and suitable design, the groundwater development 
can be taken up in Yamuna flood plain and adjoining areas. 
It is proposed to develop the fresh ground water resources present in 
the areas where ground water levels are shallow about 3 to 5 m bgl. In 
these areas, it is recommended to construct tubewells of depth varying 
between 40 to 45 m. These tubewells will yield about 1000 to 1500 1pm 
of water and can be pumped for 12 to 16 hours a day. Development of 
ground water resources of East Delhi shall be coupled with effective 
promotion of recharging to ground water and water conservation 
techniques. About 35 Sq.km areas have been identified in East and North 
East districts where water levels are shallow to construct the tubewells. 
About 40 tubewells are recommended in these two areas which can yield 
10 MGD of water. These tubewells shall be developed with a caution of 
promoting the rain water harvesting to recharge the ground water 
aquifers. 
Keeping in view the increasing thrust on groundwater resources 
and the present scenario of availability vis-a vis demand there is a need to 
re-orient our approach to groundwater management. It is very important 
that the management of groundwater in the country is taken up with a 
proper planning keeping in mind various social obligations and its 
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requirement for various purposes. Further, emphasis should be given for 
purpose driven studies involving research and development for scientific 
development of this precious natural resource. 
For effective management of groundwater resources there is a need 
to create awareness amongst the different water user groups and workout 
area specific plans for sustainable development. Thus, groundwater 
management not only requires proper assessment of available resource 
and understanding of interconnection between surface and groundwater 
system but also actions required for proper resource allocation and 
prevention of the likely adverse effects of uncontrolled development of 
groundwater resources. 
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